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PREFACE. 

Thb  great  question  of  *  *  The  Evolution  of  Life ' '  upon 
the  earth,  and  the  causes  that  have  led  to  the  successive 
changes  in  animal  forms,  is  one  that  should  be  treated 
from  an  anatomical  and  a  physiological  point  of  view. 
Scientists  have  hitherto  spoken  of  these  changes  that 
have  taken  place,  and  have  concurred  in  the  opinion 
that  the  lower  forms  of  life  have  advanced  in  the  scale 
of  development,  and  in  time  have  given  rise  to  higher 
and  newer  forms.  It  is  believed  and  generally  accepted 
that  the  protoplasmic  cell  was  the  first  vital  organism 
that  appeared  upon  the  earth — ^that,  following  this  in 
order  came  the  protozoans,  the  fishes,  the  reptiles, 
the  marsupials,  the  mammals,  the  higher  apes,  and 
finally  man,  but  no  attempt  has  ever  been  made,  as  far 
as  I  know,  to  explain  the  physiological  causes  of  these 
changes  in  the  anatomy  of  the  animal  kingdom.  It 
is  only  a  part  of  the  truth  to  say  that  a  reptile  was 
evolved  from  a  fish,  a  mammal  from  a  reptile,  and 
man  fi-om  the  higher  apes.  But  this  is  not  enough. 
The  world  is  advancing  to  that  point  when  it  demands 
to  know  how  these  changes  took  place,  by  what  physi- 
ological process  they  occurred,  and  what  was  the  reason 
that  induced  them  to  change.  It  is  this  great  point 
that  I  have  endeavored  to  explain, — how  far,  and  how 
well  I  have  succeeded,  I  leave  others  to  judge.  If  any- 
thing is  left  unsaid  or  unexplained  it  may  serve  as  a 
stimulus  to  future  writers  to  finish  the  work  I  have 
planned  out.     I  have  written  this  work  from  a  physi- 
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ological  standpoint,  and  in  the  train  of  thought  Ilata^  1 
rally  held  by  a  medical  man.  The  \'iews  upon  thef 
geological  changes  of  the  earth  are  those  held  by  f 
modem  geologists.  The  ideas  I  have  advanced  eon- 
ceraing  the  Arctic  Archipelago,  the  bridge  of  land  at  1 
Behring  Strait,  the  bridge  of  land  along  what  is  nowj 
known  as  the  Windward  Islands,  and  the  connectiot 
of  Australia  with  the  main  continent  of  Asia,  and  t 
formation  of  the  Straits  of  Magellan,  are  reasoned  o 
by  the  aid  of  geological  data,  and  appear  to  rest  v 
scientific  facts,  as  far  as  I  have  been  able  to  0 
them,  in  those  localities. 

It  was  my  good  fortune  to  travel  extensively  during 
many  years,  and  to  visit  difierent  and  distant  parts  of 
the  world,  where  men  rarely  had  an  opportunity  to  go, 
and  during  these  years  of  travel,  made  under  the  most 
pleasant  and  favorable  auspices,  I  was  able  to  observe 
phenomena  and  study  past  changes  in  geolt^cal  his- 
tory', and  tocollect  many  facts  which  I  have  endeavored 
to  embody  jn  this  book.  The  riews  here  stated  upon 
the  origin  of  life,  and  upon  that  peculiar  principle  caUed 
chemical  force,  are  reasoned  out  as  a  matter  of  necessity 
in  conformity  to  known  laws,  and  it  seems  to  me  diffi- 
cult to  arrive  at  any  other  conclusions  thau  those  here 
reached.  These  conclusions  have  l>een  arrived  at  from 
necessity,  as  a  mathematical  answer  must  be  correctly 
readied  when  the  example  is  worked  out  on  correct 
principles.  I  have  not  encumbered  the  pages  of  the  , 
book  with  footnotes,  or  numbers,  nor  with  references,  1 
but  the  ideas  here  set  forth  are  substantiated  by  thcfl 
writings  of  such  men  as  Cuvier,  Kant,  Lamarck, 
place,  Haeckel,  Darwiii.  Wallace,  Agassiz,  Huxlq 
Marsh,  Dalton,  Draper,  Leidy,  Pnidden.  and  others 
whose  names  have  been  made  illustrious  by  their  abl 
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scientific  works.  These  names  have  shed  a  permanent 
and  glorious  lustre  upon  the  scientific  world.  I  have 
consulted  them  fi'eely,  and  desire  here  to  give  them  fiill 
credit  for  all  they  have  done  and  all  they  have  taught. 
I  am  aware  that  it  would  be  impossible  in  a  single  book 
to  cover  so  vast  a  field.  It  would  require  many  volumes 
to  treat  properly  of  so  great  a  subject  as  this,  beginning 
with  the  earliest  condition  of  gaseous  matter  in  the 
universe,  and  tracing  it  through  all  its  successive 
and  manifold  changes,  not  only  to  our  own  time,  but 
onward  in  the  fiiture,  until  changes  occur  to  once  more 
reduce  it  to  incandescent  gas. 

I  have  not  been  able  to  treat  fully  this  magnificent 
and  fascinating  subject,  for  in  a  busy  life  like  mine, 
only  the  more  important  facts  can  be  given.  It  would 
require  years  of  labor  to  properly  set  forth  the  many 
interesting  facts  and  truths  in  anything  like  an  adequate 
form.  If  my  work  stimulates  research  into  a  region 
hitherto  only  partly  explored,  I  have  accomplished  all 
that  can  be  reasonably  expected  from  a  medical  man 
deeply  immersed  in  the  duties  of  his  profession. 

August  1st,  1891. 


CONTENTS. 


CHAPTER  I. 

PAOB 

COSMOGONY I 

The  stndy  of  the  earth — Facts  learned  by  reasoning 
backward — ^Nebular  hypothesis — Kant  and  Laplace; 
their  theories — The  incandescent  state  of  our  earth — 
It  was  thrown  off  from  the  sun — A  great  central  mass 
of  fiery  vapor — The  action  of  chemical  force  ;  it  causes 
an  explosion — Other  suns  are  formed — Composition  of 
the  sun  and  stars — ^The  spectrum  of  the  stars — Ele- 
ments of  the  stars — Fixed  stars — Nebulae — Sidereal 
system — Motions  of  the  stars ;  their  distances — Paral- 
lax of  stars — Space;  its  qualities — Loss  of  heat  in 
space ;  its  future  consequences — Other  worlds  than 
ours — Our  planetary  system. 

CHAPTER  IL 

THE    PALEOZOIC   AGE: — THE  ARCHEAN  OR  AZOIC 

PERIOD.      OUR  EARTH 1 5 

The  cooling  of  the  gaseous  mass  to  a  semi-fluid  state — 
The  formation  of  a  thin  crust — The  first  formation  of  a 
thick,  murky  atmosphere — Formation  of  water — Mix- 
ture of  oxygen  and  hydrogen — Electricity — Cooling  of 
the  earth  by  rain — ^A  universal  ocean  of  hot,  muddy 
water — Relative  depths  of  the  ocean— Relative  thick- 
ness of  the  earth's  crust — The  first  uplift  of  land  above 
the  universal  sea — The  Laurentian  Hills — The  first 
sunshine  on  the  earth— The  earth  becomes  fitted  for 
the  appearance  of  life. 

ix 


CHAPTER  ni. 

THB    PALBOZOIC    AGE  : — THE    SILURIAN     PERIOD. 

THS  ORIGIN  OF  LIFE ; 

Life  believed  to  be  a  form  of  chemical  force — Chemical 
compounds  —  Albuminoid  substances  —  Proloplnsm  — 
Siugle-celled  animals — Fission  and  growth  of  cells — 
Self-propagation  —  Development  of  the  sea-worm  — 
Masses  of  cells— Early  plant  life— Olyu thus— Special 
activities  of  cells — Prolozoatis— Liugula — Early  mol- 
lusks — Radiates— Star-fishes— Criuoids  or  sea-lilies^ — 
Comntula  —  Articulates — Trilobltes  —  Development  of 
the  eye — The  nervous  system — Erosion  of  Laurentiaii 
Hills — The  A  usable  chasm. 

CHAPTER  IV. 

THE    PALEOZOIC    AGE  : — ^THE    DEVONIAN   PERIOD. 
THE  EVOLUTION  OF  THE  VERTEBRATES    .  .      ; 

Evolution  of  the  early  fishes — The  ball-and-socket 
vertebra— Bony  vertebriE — Helerocercal  tails — Theegg 
— The  blastoderm— The  dorsal  plates — The  medullary 
canal  — The  spinal  cord^The  chorda  dorsalis  —  De- 
vonian fishes — Cephalaspis — Gar-pike— Early  marine 
plants — Criuoids — Comatula — Pentacrinus— Coral  reefs 
— Coral  animals — Astiteans—  Meandrioas  —  Poriles — 
Madrepores  —  Mlllepores  —  Sea-fans — Corallines  —  An- 
atomy of  the  coral  animal — Budding — Coral  eggs — 
Watkins  Glen. 

CHAPTER  V. 

THE      PALEOZOIC      AGE  :•— THE      CARBONIFEROUS 
PERIOD.     AGE  OF  COAL  PLANTS  AND  OP  EAHLY 

REPTILES lOO 

Subdivisions  of  ihe  Carboniferous  period— Formation 
of  islands  —  Shallow  seas  —  Sharks  — Lowly  plants  — 
Marshes — Increase  of  land   areas — Deposits  of  coal — 


Contents.  xi 

PAOB 

Great  forests  ;  their  uses — Mollnsks — Wave-marks — 
Footprints  of  Sauropus  primsevos — Fossil  saurian 
bones. 

CHAPTER  VI. 

THE  MESOZOIC  AGE  : — THE  AGE  OF  REPTH^ES.    THE 

TRIASSIC  PERIOD I20 

The  subdivisions  of  the  Mesozoic  age  into  the  Triassic, 
Jurassic,  Cretaceous — Ichthyosaurus — Development  of 
a  paddle — Development  of  a  lung — ^The  siredon — The 
plesiosaurus — Development  from  a  shark — The  Spinax 
Blainvillii — ^True  reptiles — Nothosaurus — He  is  the 
progenitor  of  the  crocodile  and  alligator — Mimicry  of 
saurians — Skull  of  nothosaurus  and  of  crocodile — 
lyabyrinthodon— Development  of  a  leg — First  of  the 
pachyderms — Voltzias — Encrin  us  liliformis — Ceratites 
nodosns  —  Development  of  molluscan  shells  —  The 
mantlet;  its  function — Pearl  oysters — Nacre — Mussels 
—  Byssus— Univalves — Gasteropods — Limpets — Pearly 
nautilus — ^The  so-called  bird-tracks — Dinosaur. 

CHAPTER  VII. 

THE  MESOZOIC  AGE  : — THE  AGE  OF  REPTILES.    THE 

JURASSIC  PERIOD 1 52 

The  Black  Hills,  Dakota ;  their  formation — Ammonites 
— Belemnites — Common  squid — Cuttle-fish — Octopus — 
Pterodactyl — He  is  the  progenitor  of  the  modem  bat 
— Powers  of  flight  of  the  albatross — Ramphorynchus — 
Teleosaurus — The  great  Jurassic  marshes — Viviparous 
propagation — The  change  from  a  saurian  to  a  mar- 
supial. 

CHAPTER   VIII. 

THE  MESOZOIC  AGE  : — THE  AGE  OF  REPTILES.    THE 

CRETACEOUS  PERIOD 1 74 

Decline  of  marine  reptiles — Changes  in  the  air  and  the 
earth — Change  of  flora — Palms— Oak — Maple — Beech 


— Poplar — Fruits — Hylscosanrus  —  Dinosaurs  —  Mosa- 

saurs  —  Pterosaurus,  or  flying  liiard  —  Igaauodon — 
Megalosaunis — Developmenl  of  Ihe  saerum  and  of  the 
pelvis — Tbe  pelvic  arch — Fonnatiou  of  acetabulum^ 
Hamiles — Pemamulleti — Scaphiles — Cri  oceras — Ancy- 
loceras  —  Sharks — Great  contioeatal  archipelagoes — 
Observations  on  the  extinction  of  saurian  life — The 
earth  as  it  then  appeared — Odontomilhes,  or  birds  with 
teeth— Hesptrom  is — Ichtbyomia  —  CeratopsidEe  —  Tri- 
ceralops  flabellatus. 


CHAPTER  IX. 
THE    CENOZOIC    AGE : — THE     TERTIARY     PERIOD. 

THE  AGE  OF  MAMMALS 

The  Eocene  period— Evolution  of  marsupials— Ovipara 
— Vivipara — Propagation  of  fishes  and  reptiles  from 
eggs — The  Graatiau  follicles— The  ovaries — The  ovi- 
ducts^Chauge  of  physiological  function  of  reptiles — 
Formation  of  the  marsupium- Of  Ibe  milk  gland— 
Tbe  secretion  of  milk— Pa leotlierium— Three  toes— 
Anoplotherium — Two  toes — The  anoplotherium  is  the 
progenitor  of  the  horse,  lion,  tiget,  wolf,  hyena — 
Xiphodou  :  be  is  the  progenitor  of  the  goat,  sheep, 
llama,  camel,  giraffe— Lophiodon.  titanothere,  hyraco- 
there,  chereopotamus.  whale,  fossil  tapir,  deer,  camel, 
borse-like  animal,  eohlppus,  orohippus,  epibippns, 
peccary,  rhinoceros,  tartle,  seal,  walrus,  serpent,  tita- 
nophis — Evolution  of  hirds;  of  feathers — Dinocerata; 
their  development — NHmmulites. 


CHAPTER   X. 

THE    CBNOZOIC    AGE  : — THE    TERTIARY     PERIOD. 
THE  AGE  OF  MAMMALS — Comtindeb 
Tbe  Miocene  period— The  Grand  Caiion  of  the  Colo- 
rado— Bronlops    rohustus — Dinotherium — Mastodon — 
No  missing  link — Fosaits  from  the  John  Day  River— 


Contents.  xiii 


PAGE 

Fossils  from  the  Siwalik  Hills — Sivatherium — Develop- 
ment of  the  antler — ^The  anoplotherinm  is  the  pro- 
genitor of  the  hyena,  dog,  and  ape — Dog-like  apes — 
Fruit-trees — Banksia— Mesopithecus — Lobsters — Crabs 
— Lignite  — ,  Amber — Diatoms — Mesohippus — Miohip- 
pns. 

CHAPTER  XI. 

THE     CENOZOIC     AGE  : — THE     TERTIARY    PERIOD. 

THE  AGE  OP  MAMMALS — Continued  .    258 

The  Pliocene  period — Elevation  of  mountain  ranges — 
Rocky  Mountains  —  Andes  —  Himalayas  —  Heights  of 
mountain  peaks — Volcanoes — ^Valley  of  Chili — Erosion 
of  mountain  summits — Formation  of  rivers — Perpetual- 
snow  line— Melting  snows — ^Saltness  of  the  ocean — 
Fossil  bones  in  our  western  country — Fossil  bones  in 
the  Siwalik  Hills — Camels — Musk-deer — Elephant — 
Rhinoceros — Amynodon —  Hyracodon — Aceratherium 
— Hippopotamus — Protohippus — Pliohippus  —  Zebra — 
Quagga — Ass — Tarpau — Eagles — Vultures  —  Plants — 
Outlines  of  continents — North  polar  regions — Evidences 
that  North  and  South  America  were  once  connected 
by  a  bridge  of  land — Evidences  that  the  Malay  penin- 
sula was  once  connected  with  Australia — Oreodon — 
Eporeodon. 

CHAPTER  XII. 

POST-TERTIARY    PERIOD  : — AGE    OF     THE     GREAT 

MAMMALS 295 

The  Glacial  period — Landscape  of  the  earth — Evolution 
ofcamivora,  mammoth,  megatherium,  mylo<lon,  glyp- 
todon,  schistopleuron,  bears,  lions,  tigers,  sabre-toothed 
tiger — Development  of  a  retractile  claw — Dun  color  of 
skin — Birds — Dinornis — Rodents — Formation  of  rivers 
— Plants — Pine— Fir — Spruce — Hemlock — Cedar — Oak 


— Aah — Beech — Maple  —  Birch  —  Rose  —  Stranbeiry — 
Apple— The  appearance  of  the  true  horae — Influences 
of  the  ice  periorl. 


CHAPTER  XIII. 


POST-TKRTIARY 


: — THE    AGE   Ol-    MODERN 


FORMS  OF  LIFE p 

The  Quaternary  period — RfenmS  of  the  origin  of  life 
— Formation  of  permanent  cli mates— Distribution  of 
groups  of  animals — Sloths — Armadillos — Pangolins — 
Ai  — ■  Uiiau — Puma  —  Sheep  —  Llama  —  Guanaco  —  Ob- 
trichcs—  Emus  — Storks — Cassowaries  —  Boa  ^Alliga- 
tors— Toucan  s — I'arrots — Ham  m  i  ng-hirds— PrehensUe- 
tailed  apes — Howlers — Spider  monkeys — Barngudo — 
Cai — Marmosets  —  Tamaritis  —  Condor  —  Insect  life — 
Bees  —Wasps  ^-  Ants  —  Beetles — Hornets — Flies — For- 
aging ants— Peccary — Tapir — While-lipped  peccary — 
Capybara  —  Wild  boar  —  Bats- Bisons — Yak — Anoa — 
Girarfe  —  Antelopes —  Rumination  —  Musk-ox — Prong- 
horn  aulelope — Elk— Deer  —  Wolves — Foxes— Jackals 
—  Dogs  —  Gray  wolf — Coyote  —  Bears  — Polar  bear — 
Varieties  of  beats — Beaver — Musk-rat- Prairie-dog — 
Striped  gopher — Hare. 

CHAPTER   XIV. 
POST-TKRTIARV    PERIOD  :— TOE  AGE  Ol"   MODERN 

PORMS  OP  LIFE COHTUTOED  .  .     3( 

The  Quaternary  period — The  ^luroidea  or  cat-like 
animals — The  Felidfe  :  lion,  tiger,  leopard,  and  the 
whole  order  of  cats — Civets — Gcnetle — Ichneumon — 
Paradoxure  —  Binturong  —  Aard-wolf — Giraffe — Camel 
— True  camel — Bactriau  camel — The  Bovidte  ;  sheep, 
goat,  ibex,  saiga,  Indian  antelope,  eland,  koodoo,  gnu, 
gemsboc,  chamois,  oryx,  nylghau^ Fallow-deer — 
Sambur  deer— Rusine  deer— Munljac — Chinese  water 
deer— Roebuck — The  Chinese  elaphure — Reindeer — 
Observations  on  binis,  fishes,  and  the  multitude  of 
Bnlmal   forms — Condition  of  the  earth ;   it  favois  de- 


Contents.  xv 

PAOB 

velopment  of  animal  life—Elephant — Hippopotamus 
—Rhinoceros — Insect  life — Infusorial  life — ^The  brain 
— Cerebellum — Olfactory  bulbs — Gray  matter. 

CHAPTER  XV. 

POST-TERTIARY  PERIOD  : — THE  AGE  t)F  APES  .   385 

The  Quaternary  period — Bipeds  or  apes — Fossil  apes 
found  in  Miocene  or  Eocene  deposits — The  anoplo- 
therium  the  progenitor  of  the  ape — Development  of 
the  thumb  and  the  clavicle — North  America  the  original 
home  of  the  ape — His  migrations — Platyrrhine  and 
catarrhine  apes  —  The  cynomorpha  —  The  anthropo- 
morpha — Prognathia — The  mandrill — Baboon — Magot 
— Moor  macaque  —  Mangabey  —  Black  baboon  —  The 
Lemuroida — The  gibbons — Siamang — The  agile  gibbon 
—  Wooyen  —  Hoolook  —  Orang  utan  —  Chimpanzee  — 
Koola  kamba — Nschiego  mbouv^ — Gorilla — His  anat- 
omy compared  with  that  of  man — His  change  to  a 
gorilla-man,  and  finally  to  a  black  man. 

CHAPTER  XVI. 

POST-TERTIARY  PERIOD  : — THE  AGE  OP  MAN  .   417 

The  Quaternary  period — The  evolution  of  man — ^The 
gorilla  his  progenitor — Changes  in  his  skull,  brain, 
arm,  leg,  and  foot — His  migration  to  the  north — Con- 
fronted by  new  enemies  :  the  lion,  panther,  leopard, 
python — Food :  mango,  banana,  date,  maize,  rice — 
Invents  weapons  —  Discovers  fire  —  A  cooler  climate 
whitens  his  skin  and  straightens  his  hair — He  reaches 
the  Mediterranean  Sea— Learns  cookery — Settles  in 
the  valley  of  the  Nile — Early  civilization  of  Egypt, 
Asia,  Greece,  Rome,  Northern  Europe — Penetrates  to 
Malaysia  and  Australia — Migrates  to  North  and  South 
America — Races  of  men — Evolution  no  longer  active 
— Modem  destruction  of  life — Progress  of  man — His 
intellectual  developmen t — Science — M edicine — Steam 
— Electricity — Chloroform — ^The  influences  of  war, 
disease,  vice — Time  since  the  earth  has  existed. 


XVI 


Contents. 


CHAPTER   xvn. 

PAOB 

TERRESTRIAL  AND  COSMOGONIC  PROGNOSIS  .  .  44I 

The  formation  of  the  earth — Appearance  of  life — Evo- 
lution of  man — His  power — His  use  of  fire,  water,  elec- 
tricity, drugs — Prognosis  of  the  earth — Loss  of  oxygen 
— Cessation  of  animal  life — Cessation  of  plant  life — 
Radiation  of  heat  into  space — Loss  of  heat  by  our  sun ; 
its  effect  upon  animals  and  plants — Ultimate  loss  of 
all  heat — Motions  of  stars — Motions  of  Arcturus— His 
collision  with  our  sun  ;  its  effects — Coalition  of  all  the 
suns  in  space — Formation  of  a  vast  central  mass — Its 
explosion  and  the  formation  of  a  new  universe — De- 
velopment of  life  on  a  new  earth — Repetition  of  the 
process. 


ILLUSTRATIONS. 


FIRST  UPLIFT  OF  LAND  IN  THE  SILURIAN  AGE 
QUIET  SEAS  OF  THE  SILURIAN  AGE 

FISSION  OF  THE  CELL 

STRING  OF  CELLS  FORMING  A  SEA- WORM 
SPONGES  GROWING  ON  FOOTSTALKS  IN  THE  SEA 

GROUP  OF  PROTOZOANS 

LINGULA  GROWING  ON  ITS  FOOTSTALK  IN  THE  SEA 

STAR-FISH 

CRINOID 

COMATULA 

TRILOBITE 

EURYPTERUS  REMIPES 

HORIZONTAL  LAYERS  OF    POTSDAM  SANDSTONE— 

AUSABLE  CHASM 

HORIZONTAL     LAMINAE     IN     WALLS     OF     AUSABLE 

CHASM 

FOSSIL  FISHES  WITH  HETEROCERCAL  TAILS 

FOSSIL  FISHES  WITH  HETEROCERCAL  TAILS 

IDEAL  VIEW  IN  THE  DEVONIAN  AGE 

EARLY  AQUATIC  PLANTS 

CRINOID  OR  STONE-LILY 

ASTRiEAN  OR  STAR-SHAPED  CORAL 

MEANDRINA  OR   BRAIN  CORAL 

MADREPORE  CORAL 

MILLEPORE  CORAL 

SANDSTONE  FORMATIONS  OF  THE  UPPER  DEVONIAN 

PERIOD,  WATKINS  GLEN,  N.  Y. 


PAOB 
27 
29 
40 

42 

45 
49 
50 
52 
54 

55 
60 

61 

63 

65 
73 

75 

85 

87 
89 

90 

91 
93 
95 

97 


XVll 


TREE  FERN  OF  THE  CARBONl 

MODERN  PALM 

ALLEY  OF  PALMS,  BOTANICAL  GARDEN,  RIO  DE 
JANEIRO   ...  ... 

COCOEIRO  PALM 

CALAMITE         .  .  .  . 

SPHENOPHVLLUM     

IDEAL  VIEW  OF  A  CARBONIFEROUS  FOREST 

MOLLDSKS  OF  THE  PERMIAN  PERIOD 

SAURIAN  SKELETON  FOUND  IN  THE  COAL  MEAS- 
URES OF  OHIO  .... 

ICHTHYOSAURUS  AND  PLKSIOSAURUS 

SELACHUN  [SHARKJ  OF  THE  DEVONIAN 

NOTHOSAURUS  OF  THE  DEVONIAN  AGE    . 

MODERN  CROCODILE  .... 

MODERN  ALLIGATOR         ... 

LABVRINTHOnON      ..... 

VOLTZIA  OF  THE  CARBONIFEROUS  AGE    . 

LILY-CRINOID 

AMMONITE  OF  THE  JURASSIC  AGE    . 

BELEMNITE  OF  THE  JURASSIC  AGE 

MODERN  CUTTLE-FISH     . 

MODERN  OCTOPUS    

PTEROD.^CTVL  OF  THE  JURASSIC  AGK 

RAMPHOR^'NCHUS    ... 

TELEOS.\rBUS  OF  THE  JUKASSIC  AGE 

FOSSIL  SHELLS  FROM  CHALK  OF  THE  CRETACEOUS 
PERIOD 

FOSSIL  PALMS  OF  THE  CRETACEOUS  PERIOD 

HVL>EOSAURUS  OK  THE  CRETACEOUS  PERIOD 

IGUANODON  .*ND  MEGALOSAURUS  OF  THE  CRE- 
TACEOUS PERIOD 

HAMITES  OF  THE  CRETACEOUS  PERIOD 


138 
143 


^ 


Illustrations.  xix 


PAGE 

TRICERATOPS,  SIDE  AND  UPPER  VIEW     .  .193 

OVIDUCTS  OF  FISHES,  REPTII^ES,  AND  BIRDS  .  .    I97 

PALEOTHERIUM 203 

ANOPLOTHERIUM 206 

XIPHODON 209 

MODERN  SPERM  WHALE 215 

SKELETON  OF  TURTLE 219 

HEAD  OF  MODERN  WALRUS 224 

MODERN  ELEPHANT  SEAL 225 

SKULL  OF  DINOCERAS 228 

DINOCERAS 229 

TINOCERAS 230 

GRAND  CASON  OF  THE  COLORADO  RIVER         .  .    236 

BRONTOPS  ROBUSTUS 238 

DINOTHERIUM  .        , 239 

MASTODON 242 

SrVATHERIUM  .  .  .  .    246 

MESOPITHECUS,  OR  APE  OF  THE  MIOCENE  PERIOD,    253 
DIATOMS  OF  THE  MIOCENE  PERIOD  .  .    255 

MODERN  EAGLE 279 

MODERN  VULTURE 28 1 

MOLLUSKS  OF  THE  PLIOCENE  PERIOD  .    283 

PANAMA  RAILWAY  AT  EMPIRE  STATION  .    285 

CAPE     VIRGIN,     ATLANTIC     ENTRANCE      TO     THE 

STRAITS  OF  MAGELLAN 29 1 

IDEAL  LANDSCAPE  OF  THE  PLIOCENE  PERIOD  .    293 

MAMMOTH 299 

MEGATHERIUM 3OI 

MYLODON 303 

SCHISTOPLEURON 307 

EVOLUTION  OF  THE  HORSE 315 

GROUP  OF  MODERN  SLOTHS 327 

GREAT  ARMADILLO 329 


XX 


lUuslrations. 


PAGE 

PUMA  ATTACKING  GUANACO 33I 

BOA  CONSTRICTOR  .... 

.    332 

SPIDER  MONKEY 

334 

THE  COMMON  MARMOSET 

335 

CONDOR  .... 

337 

AMERICAN  TAPIR     . 

340 

ASIATIC  TAPIR 

341 

PECCARY            

343 

DENTITION  OF  WILD  BOAR 

.  344 

AMERICAN  BISON     . 

.  347 

STOMACH  OF  A  RUMINANT 

.  349 

WOLF 

■  352 

JACKAL   

353 

COMMON  FOX 

•  354 

INDIAN  DO(; 

•  355 

GRIZZLY  BEAR  OF  NORTH  AMERICA 

356 

LION  OF  AFRICA        .... 

361 

TIGER  OF  ASIA          .... 

362 

CIVET  OF  AFRICA     .... 

365 

BINTURONG 

.  366 

SKELETON  OF  GIRAFFE 

.  368 

THE  TRUE  CAMEL   . 

371 

THE  SAIGA                               ... 

•  373 

THE  ELAND 

374 

THE  GNU 

375 

THE  ANOA 

376 

THE  FALLOW   DEER 

377 

THE  MUNTJAC            ... 

378 

THE  MANDRILL  OF  AFRICA 

390 

THE  COMMON  BABOON  OF  AFRICA    . 

391 

THE  ANUBIS  BABOON  OF  AFRICA 

392 

THE  MA(,OT  OF  AFRICA   . 

393 

THE  MOOR  MACAQUE  OF  BORNEO     . 

394 

Illustrations. 


XXI 


THE  MANGABEY  OF  AFRICA     . 

FOOT  AND  HAND  OF  MANGABEY 

THE  BI^CK  BABOON  OF  ASIA  . 

THE  AGII.E  GIBBON  OF  INDIA 

THE  SIAMANG  OF  ASIA  AND  SUMATRA     . 

THE  ORANG  UTAN  OF  SUMATRA  AND  BORNEO 

THE  CHIMPANZEE  OF  AFRICA 

A  TAME  CHIMPANZEE  SWINGING     . 

THE  KOOLA  KAMBA  OF  AFRICA 

THE  NSCHIEGO  MBOUVfe  OF  AFRICA 

THE  GORILLA  OF  AFRICA 

PACE  OF  THE  GORII«LA   .... 


PAOB 

395 
396 

397 
401 

402 

403 

405 
406 

407 

409 

414 

415 


THE  EVOLUTION  OF  LIFE. 


CHAPTER  I. 

COSMOGONY. 

The  study  of  the  earth — Facts  learned  by  reasoning  backward 
— Nebular  hypothesis — ^Kant  and  Laplace  ;  their  theories — 
The  incandescent  state  of  our  earth — It  was  thrown  off  from 
the  sun — A  great  central  mass  of  fiery  vapor — The  action 
of  chemical  force  ;  it  causes  an  explosion — Other  suns  are 
formed — Composition  of  the  sun  and  stars — The  spectrum 
of  the  stars — Elements  of  the  stars — Fixed  stars — Nebulse — 
Sidereal  system — Motions  of  the  stars ;  their  distances — 
Parallax  of  stars — Space;  its  qualities — Loss  of  heat  in 
space  ;  its  future  consequences — Other  worlds  than  ours — 
Our  planetary  system. 

The  study  of  the  many  structural  changes  in  the 
forms  of  animal  life  that  have  successively  appeared 
upon  the  earth  during  past  geological  ages  requires  a 
knowledge  of  some  of  the  more  important  changes  that 
have  taken  place  in  the  earth  itself. 

We  must  know  something  of  the  past  history  of  the 
earth,  and  of  the  geological  changes  it  has  imdergone, 
in  order  to  clearly  understand  what  vital  processes  have 
taken  place  upon  it. 

We  shall  learn  that  the  slow  evolution  of  animal  life 
has  progressed  simultaneously  with  the  slow  evolution 


The  Evolution  of  Life. 


asls. 
ituftJ 

esna  I 


of  plant  life,  and  that  both  have  kept  pace  with  the 
slow  aiid  orderly  development  of  the  earth. 

That  the  earth  itself  has  uudergone  a  process  of 
deveiopiiient,  slow  and  sequential  in  its  character,  from 
a  primitive  condition  when  life  was  impossible  upon  it, 
is  a  well-known  geologrical  fact. 

By  a  process  of  reasoning  backward,  we  can  trace  by 
regular  and  successive  steps  the  changes  that  have 
occurred  in  the  earth's  crust,  the  outlines  of  sea-coasls. 
the  areas  of  continents,  and  the  elevations  of  mount 
chains.  We  can  see  that  tlie  dry  land  diminished 
extent,  that  coast  lines  grew  fainter,  and  that 
were  more  extensive  until  they  were  universal.  Still 
tracing  our  backward  course,  we  can  see  that  the  ocean 
grew  less  salt  until  it  became  fresh,  and  then  grad- 
ually hot  and  hotter  still-  until  it  only  existed  as 
vapor.  That  the  earth  gradually  increased  in  tem- 
perature until  it  existed  as  a  molten  mass  and  Sually 
as  incandescent  vapor.  At  this  point  we  stand  where 
the 

NEBITLAR   nVPOTHESIS 
seeks  to  account  for  the  origin  of  our  earth  and  the 
planetary  system  of  which  we  form  a  part. 

Kant  and  I^place  advanced  the  theory  that  in  remote 
times  our  earth  existed  as  a  gigantic  mass  of  glowing 
vapor  or  gas;  that  this  mass  of  incandescent  vapor 
was  thrown  ofiF  from  a  larger  central  mass,  which  in 
cooling  and  contractiug  gradually  attained  a  rotary- 
motion,  and  finally  became  one  of  a  system  of  planets 
circling  aroimd  the  still  glowing  central  mass  or  sun  as 
we  see  it  to-day, 

Kant's  theorj'  maintained  that  "  the  whole  universe 
consisted  of  a  gaseous  chaos.  All  the  substances  which 
now  are  found  on  the  earth,  and  other  bodies  of  the 
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.aniveree  in  diferent  conditions  of  density,  originally  con- 
stituted together  one  single  homogeneous  mass  equally 
Infilling  up  the  space  of  the  universe,  which,  in  coiise- 
ij^ence  of  an  extremely  high  degree  of  temperature, 
tfas  in  an  exceedingly  thiu  gaseous  or  nehulous  state. 

The  millions  of  bodies  Iti  the  universe  which  at 
present  form  the  different  solar  systems  did  not  tlien 
p*xist.  They  originated  only  iu  consequence  of  a  uni- 
versal rotary  movement,  or  rotation,  during  which  a 
number  of  masses  acquired  greater  density  than  the 
remaining  gaseous  mass,  and  then  acted  upon  the 
latter  as  central  points  of  attraction.  Thus  arose  a 
separation  of  the  primary  gaseous  universe  into  a 
number  of  rotating  nebulous  spheres,  which  became 
more  and  more  condensed.  Our  solar  system  was  such 
*  gigantic  gaseous  ball,  all  the  particles  of  which 
revolved  around  a  common  central  point,  the  solar 
nucleus.  The  original  gaseous  condition  of  the  rotat- 
ing bodies  of  the  universe  gradually  changed  by  cool- 
ing and  condensation,  into  the  fiery  fluid  or  molten 
state  of  aggregation.  By  the  process  of  condensation 
heat  was  emitted,  and  the  rotating  planets  soon 
changed  into  glowing  balls  of  fire  which  emitted  light 
and  heat.  By  loss  of  heat  the  melted  mass  on  the 
of  the  fiery  fluid  ball  became  further  condensed, 
id  thus  arose  a  thin  firm  crust,  which  enclosed  a  fiery 
lid  nucleus." 

In  all  essential  respects  this  nebular  theory  of  Kant 

.rmonizes  with  all  the  general  series  of  phenomena 

present  known  to  us,  and  is  not  specially  coutra- 

lictory  of  any  of  them.     His  idea  of  the  origin  of  the 

universe  was  grand  and  comprehensive. 

But  he  did  not  go  quite  far  enough,  and  our  loftiest 

IS  seek  for  something  more,     UTien  we  look  into 
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the  star-lit  heavens  at  night,  and  see  the  myriad  points 
of  light,  we  ask  what  are  they,  and  from  where  did 
they  come  ?  Our  raodeni  telescopes  tell  us  tliat  they 
arc  gigantic  Uiminous  bodies,  and  tlie  spectroscope 
tells  us  that  they  are  similar,  if  not  identical,  in  compo- 
sition to  our  own  sua  and  our  earth.  We  see  that-,, 
they  are  aggregated  in  a  certain  portion  of  space,  i 
that  some  parts  of  this  aggregated  mass  are  i 
thickly  strewn  with  stars  than  otliers,  while  beyond,  i 
and  in  the  remotest  depths  of  space,  no  stars  appear  at 
all.  Measurements  of  stellar  parallax  tell  us  that  some 
of  tliese  luminous  bodies  lie  at  distances  so  great,  that 
a  ray  of  light  would  require  thousands  of  years  to  cross 
the  mighty  gap.  Yet  even  these,  far  distant  as  they 
are,  yield  their  ray  to  the  spectroscope,  and  we  see  that 
they  in  no  wise  differ  from  our  own  sun.  Great  as  the 
distances  may  be  between  the  remotest  stars  on  the 
confines  of  what  we  may  call  this  stellar  aggregation. 
it  is  an  aggregalimt  still,  and  all  the  stars  and  nebulous 
points  of  light  belong  to  it.  In  other  words,  all  the 
stars,  nebulae,  comets,  and  luminous  points  of  light, 
visible  to  us  by  tlie  aid  of  our  greatest  telescopes, 
belong  to  mir  universe.  We  have  no  reason  for  believ- 
ing that  any  stars  exist  beyond  it. 

Whence  came  all  tliese  suns,  for  such  we  beliewj 
them  to  be  ? 

It  is  quite  reasonabJe  an<l  purely  logical  to  1; 
that  in  a  remote  past  age  all  these  distant  and  widely 
scattered  bodies  constituted  one  single  fast  body  of 
glowing,  incandescent  vapor.  Immense  as  this  body 
of  burning  vapor  must  have  been,  gigantic  as  was  its 
vast  dimensions,  the  human  mind  can  easily  appreciate 
it.  if  we  will  remember  the  boundless  depths  of  space. 
Such  an  enormous  mass  of  fiery  vapor  must  have  given 
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rise  to  the  most  tremendous  chemical  activities ^  and 
these  chemical  activities  must  have  developed  an 
energy  which  caused  an  explosion  and  which  rent 
the  great  mass  into  millions  of  fragments. 

Such  an  explosion  could  have  easily  occurred,  in 
such  a  vast,  fiery,  seething  mass,  by  the  generation  of 
chemiccU force.  This  chemical  activity^  or  chemical  force  ^ 
generated  in  the  mass  itself  by  the  great  heat  and 
friction  of  its  elementary  components,  was  sufficiently 
powerful  to  burst  the  huge  mass  asunder  and  send  its 
fragments  flying  oflF  into  space.  The  fragments  were 
of  a  size  sufficiently  vast  to  form  single  suns,  or  double 
suns,  or  groups  of  suns,  and  in  some  instances  they 
were  so  attenuated  as  to  form  nebulae,  or  luminous 
cloudy  masses,  or  comets,  or  star  dust,  so-called.  In 
this  way  meteors,  and  meteoric  showers,  and  meteoric 
dust  can  be  accounted  for,  simple  particles  from  some 
of  the  fragments  that  have  cooled  in  space. 

That  these  masses  or  fragments  scattered  so  widely  in 
space  are  identical  in  character  and  chemical  composi- 
tion, is  proved  by  the  spectroscope.  It  is  an  established 
fact  that  when  pure  white  light  is  passed  through  a 
glass  prism,  it  is  broken  up  into  its  component  colors, 
and  these  colors  arrange  themselves  always  in  the 
same  way,  namely :  violet,  indigo,  blue,  green,  yellow, 
orange,  red.  These  seven  colors  constitute  the  con- 
tinuous  spectrum  of  white  light.  If  the  light  of  a 
burning  gas  containing  any  volatilized  substance  be 
passed  through  a  prism,  the  spectrum  will  not  be  con- 
tinuouSy  but  is  ornamented  by  bright-colored  lines. 
The  metal  sodium  gives  two  yellow  lines,  strontium 
a  red  line,  silver  two  beautiful  green  lines.  Iron,  zinc, 
magnesium,  hydrogen,  and  nitrogen  all  have  a  definite 
series  of  lines  which  may  be  readily  recognized  as  its  test. 
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The  solar  spectram  is  not  continuous,  but  is  crossed 
by  a  large  number  of  dark  lines,  called  Fraunhofer's 
lines,  in  honor  of  their  discoverer.     It  is   believed, 
therefore,  tliat  the   sunbeam   is  the  light  of  an 
tensely  heated  body  shining  through  a  flame  full 
volatilized  substances,  for  these  lines  are  so  distinctive, 
so  marked  and  varied,  that  the  very  elements  of  which 
the  Sim  is  composed  may  be  discovered.     The  burning 
vapor  of  metallic  iron   gives  seventy  bright  Hues  in 
its  spectnmi,  but  these  lines  are  dark  when  the  bi 
ing  vapor  passes  through  white  light.     There  is 
doubt,  therefore,  that  the  sun's  atmosphere  com 
iron.     Besides  iron,  the  following  substances  are  m 
known  to  exist  in  the  sun,  for  each  gives  its  coi 
and  characteristic  lines  in  the  spectrum ; 


I 


Sodium, 

Cadmium, 

Calcium, 

Chromium, 

Strontium, 

Barium, 

Nickel, 

Iron, 

Zinc, 

Hydrogen. 

Cobalt. 

If  we  apply  the  same  method  of  analysis  to  the  fixi 
stars,  we  shall  see  that  tlieir  spectra  are  also  crossed  fa 
dark  lines,  and  these  lines  are  so  distinctive  and  fi 
constant  that  we  can  easily  detect  their  constitution 
notwithstanding  the  enormous  abyss  that   separates 
them  from  us.     They  are  like  our  own  sun,  and  c 
tain  tlie  same  familiar  elements. 

The  beautiful  fixed  star  Arcturus  is  almost  identic| 
with  our  sun. 

The  magnificent  Sirius,  that  blazes  so  brilliantly  f 
the  sky,  and  those  other  superb  night  jewels,  that  gl^ 
ler  so  brightly  in  the  vault  of  heaven — Rigel,  Vegi 
Capella,  Canopuw,  Alcyone,  Castor  and  Pollux, - 
composed  of  the  same  elements,  while  glorious  Aid* 

ran  has  almost  the  same  components  as  our  < 
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earth.     Nine  at  least  of  its  elements  have  been  clearly 
discovered,  namely : 


Tellurium, 

Hydrogen, 

Iron, 

Sodium, 

Bismuth, 

Antimony, 

Magnesium, 

Mercury, 

Calcium. 

Betelgeuse,  **  that  makes  the  world  in  love  with 
night,*'  contains  several  familiar  elements,  but  as  far 
as  we  now  know  has  no  hydrogen.  It  is,  therefore, 
a  sun  without  watery  vapor. 

All  of  these  beautiful  stars  have  been  examined,  and 
all  exhibit  the  dark  lines  characteristic  of  the  ele- 
ments so  well  known  to  us. 

In  the  case  of  Alpha  Centauri,  Polaris,  and  other 
double  stars,  their  spectra  shows  the  same  elementary 
composition. 

Thus  we  trace,  not  only  in  the  great  blazing  stars 
of  the  first  magnitude  but  also  in  those  fainter  points 
of  light  that  tremble  on  the  far  distant  confines  of  our 
universe,  the  same  elements  that  enter  into  our  daily 
food  and  drink.  Truly  natiure  is  the  same  everywhere, 
and  our  earth  is  but  a  part  of  a  vast  system,  one 
of  the  many  millions  of  bodies  that  form  our  great 
universe. 

The  spectra  of  about  sixty  nebulae  have  been  ex- 
amined, and  of  these,  twenty  show  bright  lines.  We 
thus  have  proof  that  these  remote  clouds  of  hazy  light 
are  immense  masses  of  glowing  gas  or  vapor,  contain- 
ing many  known  elements,  among  which  is  nitrogen, 
and  in  one  nebula  at  least,  that  in  the  constellation 
Draco,  hydrogen  gave  a  faint  but  characteristic  line. 

Some  of  the  nebulae  have  been  found  to  be  only 
hazy  clouds  of  luminous  vapor,  containing  ho  stars  at 
all,  while  others  have  revealed  stars  and  starry  points 
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of  light,  and  others  again  have  been  resolved  into  si 
by  the  great  powers  of  our  modem  telescopes. 

If  all  the  stars  composing  our  great  sidereal  systen 
were  originally  07ie  vast  mass,  as  it  is  reasonable  t 
believe,  and  were  scattered  in  space  by  a  migh^ 
chemical  explosion,  are  they  now  at  rest,  or  do  t 
still  move  iti  obedience  to  the  power  that  6rst  gaw 
them  motion  ?  Astronomers  tell  us  that  stars  ; 
moving  in  space,  and  some  of  them  with  almost  m 
credible  velocity.  This  is  what  we  should  suppose  a 
priori.  These  fragments  of  the  primal  mass — theae^ 
stars  that  received  their  motor  impulse  at  the  time  of 
explosion,  would  of  necessity  continue  their  flight  i 
limitless  and  fridionless  space.  Having  once  receive! 
the  impulse  of  motion,  the  motion  would  continue  ii 
definitely,  because  there  would  be  nothing  to  chee 
the  motion.  As  space  is,  we  think,  infinite,  the 
liodics  could  go  on  infinitely,  and  as  the  impulse  ( 
fi:)rce  that  each  fragment  or  star  received  was  neatl] 
equal,  except  perhaps  some  few  that  were  nt 
centre  of  the  explosive  force,  the  rate  of  flight  woolt 
be  nearly  equal  also,  and  while  all  the  stars  are  ii 
rapid  motion,  these  motions  are  nearly  in  the  s 
direction,  and  hence  the  stars  show  only  a  sligh 
change  of  place  towards  each  other,  Sirius  has  bed 
estimated  to  be  receding  from  us  at  the  rate  of  twenty 
miles  per  second,  while  other  stars  are  approachii^  u 
at  the  rate  of  fifty  miles  per  second. 

Arcturus  is  nearing  us  at  the  rapid  pace  of  about  fiv 
miles  per  second,  while  Alpha  Lyra;  and  Alpha  Cygi 
are  approaching  at  the  rate  of  fifty  and  forty  miles  p< 
second  rcsixictively.  But  so  immensely  remote  ai^ 
these  stars  from  us  that,  even  at  their  present  higl 
rate  of  motion,  more  than  a  thousand  years  would  b 
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required  to  show  any  difference  in  their  brightness. 
Those  stars  that  are  approaching  and  those  that  are 
receding  from  us  are  no  doubt  moving  in  the  same 
general  direction. 

Many  efforts  have  been  made  to  estimate  the  dis- 
tances from  us  of  the  fixed  stars,  and  thus  form  some 
idea  of  the  size  of  the  sidereal  system.  To  accomplish 
this,  astronomers  have  noted  the  position  of  a  star  at 
a  given  moment  of  time,  and  six  months  later  have 
again  noted  its  position,  when  the  earth  was  exactly 
on  the  opposite  side  of  its  orbit.  With  this  mighty 
base  line  for  a  rule,  183,000,000  of  miles  in  length, 
only  about  twelve  stars  have  shown  any  appreciable 
change  of  position.  All  the  rest  remain  changeless. 
So  that  any  attempt  to  prove  that  the  stars  have  a 
proper  motion  will  be  futile,  at  least  at  present.  The 
general  direction  of  motion  would  be  such  as  would 
result  from  a  chemical  explosion  of  the  great  original 
mass,  not  in  every  direction,  but  in  an  onward  direc- 
tion like  the  fragments  of  a  rocket  that  explodes  while 
in  motion.  If  the  members  of  the  sidereal  system  are 
moving  in  a  general  direction  through  space,  as  as- 
tronomical observations  show,  to  what  point  are  they 
tending  ?  As  space  is  limitless,  it  is  a  sufficient  answer 
to  say  that  they  are  actually  in  motion,  and  by  virtue 
of  the  impulse  imparted  to  them  by  the  original  chemi- 
cal explosive  force.  There  can  be  no  point,  nor  goal, 
in  a  limitless  ether.  They  simply  continue  on  in 
their  flight,  because  there  is  no  mechanical  law  to 
stop  them. 

The  essential  qualities  of  space  are  cold  and  darhiess. 
If  it  were  light  and  warm  the  phenomena  we  now  ob- 
serve in  the  universe  would  not  only  at  once  cease  to 
exist,  but  would  never  have  occurred.     The  light  from 
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our  sun  would  not  be  seen  or  needed,  and  his 
would  be  superfluous.  Our  earth  would  forever  !*• 
main  a  mass  of  incandescent  vapor  just  as  it  W) 
it  was  first  thrown  off  from  the  sun.  It  could  not  have 
cooled  and  consolidated  in  healed  space.  It  required 
an  intense  degree  of  cold  to  consolidate  such  an  enop- 
rtious  mass  of  glowing  vapor  to  its  present  solidly 
crusted  and  permanent  condition.  Laplace  1 
mated  that  the  coldness  of  space  would  reach  loo  dfr 
grees  below  zero  of  Fahrenheit's  scale. 

It  is  a  purely  scientific  fact  that  heat  is  dissipated  in 
space,  and  that  it  is  radiated  in  every  direction 
tlie  heated  body,  UTiat,  then,  becomes  of  the  heat 
which  emanates  not  only  from  our  own  sun,  but  from 
the  millions  of  other  suns  in  our  sidereal  system? 

It  passes  off  into  space  and,  as  far  as  we  now  know, 
is  forever  lost.  If  heat  possesses  the  property  of  inde- 
structibility, then  it  is  still  somewhere  in  the  regions 
of  infinite-.  There  is  no  way  in  which  it  can  retuin  to 
any  sun  or  heated  body,  and  practically  it  is  lost  to  US, 
completely  dissipated  in  the  coldness  ofspace. 

All  the  suns  in  the  universe  are  slowly  parting  with 
their  heat.  It  is  being  gradually  dissipated  and  dift- 
pereed.  According  to  this  view  there  must  come  a 
time  ages  hence  when  all  the  heat  from  all  the  suns 
will  1)e  lost,  and  the  brilliantly  luminous  bodies  we 
now  see  in  the  heavens  will  beconie  cold  and  opaque. 
This  is  undoubtedly  true.  Our  satellite,  the  moon,  is 
such  an  opaque  body.  It  has  no  heat  nor  life.  It 
simply  circles  about  our  earth  a  cold  mass  of  naked 
rock  without  an  atmosphere,  scorched  by  the  direct 
rays  of  the  sun  by  day  and  frozen  in  the  coldness  of 
space  by  night.  Our  earth  and  the  other  niembera  of 
our  planetary  system  have  parted  with  their  heat,  with 
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the  exception  perhaps  of  Jupiter,  and  are  opaque  bodies. 
Although  the  earth  is  so  &vorably  situated  as  regards 
its  distance  from  the  sun  and  in  its  supply  of  light  and 
heat,  yet  it  is  not  exempt  from  the  law  that  deprived 
the  moon  of  its  atmosphere,  and  will  at  some  ftiture 
time  be  a  like  insensate  orb.  The  sun  will,  in  the 
flight  of  the  ages,  part  with  all  its  vast  stores  of  heat 
and  move  in  space  a  cold,  dark  mass  of  naked  rock, 
and  to  logically  extend  this  idea,  all  the  sims  will  fol- 
low the  same  law  and  radiate  their  entire  store  of  heat 
into  the  wilds  of  space,  when  they  also  will  move,  dark 
masses  of  matter  devoid  of  light  and  heat. 

While  these  millions  of  glorious  suns  that  now  jewel 
the  vault  of  heaven  are  slowly  but  siu-ely  following  this 
natural  and  inexorable  law,  while  their  vast  stores  of 
vitalizing  heat  are  silently  passing  away  imtil  they  are 
all  gone,  yet  the  process  is  so  slow,  notwithstanding  the 
vast  scale  upon  which  they  evolve  their  heat,  that  mil- 
lions of  years  must  elapse  before  such  an  end  can  be 
reached,  an  end  that  seems  to  our  eyes  so  melancholy. 

And  yet  not  perhaps  so  melancholy,  for  doubtless 
other  vital  processes  will  occur  in  the  far-distant  future, 
when  the  great  universe  will  again  become  instinct 
with  life,  as  I  shall  endeavor  to  show  in  the  chapter  on 
Terrestrial  and  Cosmogenic  Prognosis. 

The  nebular  theory  that  we  have  endeavored  to 
elaborate  until  it  accounts  for  each  body  and  every 
mass  of  matter  in  our  universe,  tracing  them  all  back- 
ward to  a  single  original  mass  so  vast,  so  ample  in  its 
dimensions,  as  to  be  sufficient  to  form  them  all,  seems 
not  only  perfectly  logical  and  scientific,  but  necessary 
as  a  law  of  evolution  of  our  sidereal  system.  We  have 
shown  in  our  argument  that  all  these  distant  bodies  are 
identical  in  composition  to  our  sun  and  earth.     We 
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know  from  the  labors  of  scientists  that  they  are  lumi-J 
nous  suns,  vastly  exceeding  our  own  in  size,  that  thej 
are,  however  distant  and  widely  scattered,  really  mem 
bcrs  of  the  great  family  to  which  we  ourselves  belong^a 
that  the  direction  of  all  is  general,  and  the  destiny  a 
all  is  undoubtedly  the  same. 

This  homogeneitj'  of  origin,  of  composition,  of  oi 
of  evolution,  of  direction,  of  fiinction.  and  of  destinyj'l 
seems  so  clear  and  so  apparent  that  it  needs  no  argu-) 
raent  to  establish  it  as  a  purely  scientific  truth.  A  little 
reflection  will  show  that  such  a  view  of  the  nebular 
theory  is  a  necessary  view,  called  for  by  the  regular  and 
orderly  evolution  of  our  own  earth  and  of  the  univi 
as  scientific  observation  and  investigation  have  shm 


The  laws  of  astronomy  and  of  chemistry  have  t 
vealed  to  us  not  only  the  whole  universe,  but  hav< 
taught  us  that  the  feeblest  glimmer  of  the  faintest  sta 
that  trembles  on  the  most  distant  outposts  of  this  vai 
system  of  worlds,  in  no  -wise  diflers  from  this  ma) 
cent  earth  we  so  joyously  and  happily  inhabit.     It  had 
taught  us  tliat  it  is  composed  of  the  self-same  materi-' 
als.  and  was  once  a  part  of  the  same  original  mass  as 
our  planet  and  all  the  other  celestial  bodies  in  this  vast 
confi-atemity  of  worlds.      If  we  could  be  endowed  witbg 
the  power  of  infinite  flight,  and  span  these  great  gap| 
that  lie  between  us  and  the  stars  with  the  same  rapid: 
ity  that  our  thought  passes  from  us  to  them  ;  if  n 
could  say  here — there — and  compass  the  mighty  i 
tance  in   that  brief  interval  of  time,  we  could 
those  far  distant  suns,  attd  find  them  no  doubt  r^ul^ 
ting  a  scheme  of  worlds  not  unlike  our  own,  and  j 
haps  peopled  by  beings  like  ourselves,  who  might  | 
viewing  our  snn  as  we  view  theirs,  and  with  the  3 
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wonder.  It  is  not  at  all  unlikely,  in  fact  it  is  extremely 
probable,  that  these  g^eat  suns  may  have  planetary  bod- 
ies circling  about  them,  and  some  of  them  as  favorably 
situated  towards  them  in  regard  to  a  supply  of  light 
and  heat  as  our  own  earth  is  situated  towards  our  own 
sun  ;  and  it  is  entirely  reasonable  to  suppose  that 
planets  thus  favorably  situated  may  be  inhabited  by 
beings  not  very  unlike  ourselves,  and  environed  by 
similar  natural  scenery,  and  possessing  plants  and  ani- 
mals like  our  own.  While  this  idea  can  be  only 
purely  speculative,  yet  it  is  not  unreasonable,  for  there 
must  be  in  the  universe  many  bodies  circling  about 
their  central  suns,  existing  under  exactly  the  same 
conditions  that  we  exist.  It  is  more  logical  and  more 
scientific  to  believe  that  such  planets  are  peopled  by 
beings  like  ourselves,  and  contain  both  animals  and 
plants  like  ours,  than  to  drift  into  the  realms  of  the 
supernatural,  and  conjure  up  strange  shapes  that  can 
exist  only  in  the  imagination. 

Besides,  evolution  of  animal  and  plant  life  must  fol- 
low the  same  law  there  as  here.  The  whole  universe 
is  governed  by  the  same  law,  and  the  law  of  the  evo- 
lution of  life  must  be  also  the  same  everywhere.  We 
know  that  in  our  own  planetary  system  different  con- 
ditions must  prevail  on  different  planets.  If  beings 
live  on  the  planet  Mercury,  which  lies  nearer  to  the 
sun  than  our  earth,  they  must  be  able  to  endure  a 
greater  degree  of  heat  than  ourselves,  and  his  animals 
and  plants  must  be  specially  adapted  to  his  torrid  cli- 
mate, for  when  this  planet  is  nearest  to  the  sun  in  his 
eccentric  orbit,  he  receives  ten  and  one  half  times  more 
light  and  heat  than  we  do ;  and  when  he  removes  to 
his  greatest  distance,  his  supply  is  still  four  and  one 
half  times  greater  than  our  own.     Venus,  who  also  lies 


nearer  to  the  sun  than  ourselves,  receives  about  hoia 
as  much  light  and  heat  as  our  earth,  and  therefore,  if 
life  exists  on  that  planet,  as  it  probably  does,  it  must 
be  especially  adapted  to  such  an  increased  temperature, 
and  it  is  not  at  all  impossible  that  such  may  be  the 
case.  Mars,  lying  be>-ond  us,  outside  our  orbit,  and 
more  distant  from  the  sun  than  our  earth,  receives  not 
far  from  a7ie  third  less  light  and  heat  than  we,  and  its 
favorable  situation  would  make  life,  such  as  is  familiar 
to  ourselves,  extremely  probable.  The  climate  of 
Mais  does  not  differ  very  materially  from  our  own. 
and  his  plants  and  animals  must  be  similar.  The 
giant  planets  which  lie  at  such  vast  distances  from  the 
sun,  namely,  Jupiter,  Satuni,  Uranus,  and  Neptune, 
receive  so  small  an  amount  of  light  and  heat,  that  it  is 
not  reasonable  to  believe  that  any  form  of  life  can  exist 
upon  them  ;  certainly  no  form  of  life  that  would  be 
familiar  to  any  that  we  see  upon  our  earth. 

There  is  no  need  of  attributing  a  different  origin  to 
any  of  the  bodies  composing  our  universe.  We  have 
shown  that  spectrum  analysis  has  proved  their  identity 
of  composition,  and  it  is  so  extremely  probable  that  it 
may  be  called  a  scientific  truth,  that  everj-  suu  and 
every  luminous  body  or  ma.ss,  however  widely  scat- 
tered or  far  distant,  is  a  member  of  our  universal 
family,  and  was  once  a  part  of  a  single,  original, 
homogeneous  mass.  This  idea,  so  reasonable,  so 
logical,  and  supported  by  so  matiy  demonstrated  f 
is  beautifril  in  its  sublime  simplicity. 


CHAPTER  II. 

THE   PALEOZOIC    AGE  :— THE    ARCHEAN    OR  AZOIC 

PERIOD.     OUR   EARTH. 


The  cooling  of  the  gaseous  mass  to  a  semi-fluid  state — ^The 
formation  of  a  thin  crust — ^The  first  formation  of  a  thick, 
murky  atmosphere — Formation  of  water — Mixture  of  oxy- 
gen and  hydrogen — Electricity — Cooling  of  the  earth  by 
rain — A  universal  ocean  of  hot,  muddy  water — Relative 
depths  of  the  ocean — Relative  thickness  of  the  earth's 
crust — The  first  uplift  of  land  above  the  universal  sea — 
The  Lauren tian  Hills — The  first  sunshine  on  the  earth — 
The  earth  becomes  fitted  for  the  appearance  of  life. 

*  Our  sun,  when  it  was  thrown  off  from  the  great 
central  mass,  immediately  became  the  centre  of  a 
system  of  planetary  bodies,  that  slowly  formed  about 
it  during  succeeding  ages. 

It  is  believed  that  our  sun  received  a  rotary  motion 
from  that  great  central  explosive  impulse,  and  that 
this  rotary  motion  caused  it  to  throw  off  in  turn  succes- 
sive portions  of  its  own  substance,  which  slowly  cooled 
and  consolidated  in  the  frigid  regions  of  space  through 
which  it  passed  in  its  new  revolving  motion  around  the 
sun,  until  they  became  planets,  having  the  shape  and 
dimensions  we  now  see.  Of  course,  the  outermost 
planets  were  detached  from  the  sun  first,  and  long 
periods  probably  elapsed  between  them.  Our  earth 
became  detached  towards  the  last  of  these  processes  of 
activity.  Only  two,  Mercury  and  Venus,  were  formed 
after  otir  earth. 
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When  the  earth  was  thrown  off  from  the  svm.  as  a 
vast  body  of  fierj'  vapor,  it  received  a  revolving  im- 
pulse; and  the  law  of  attraction,  which  thus  far  has 
been  a  fixed  law,  held  it  at  its  present  distance  fix>m 
the  sun. 

As  it  cooled  and  contracted  in  its  size,  its  annual  and 
dinrnal  motions,  as  well  as  its  inclination  to  the  plane 
of  its  orbit,  became  fixed  and  definite;  and  according 
to  the  law  of  inertia,  a  bod>-  once  in  motion  has  no 
power  to  stop  itself,  but  will  go  on  forever,  unless 
something  occurs  to  prevent  it.  Now  in  /rieiionUa 
Space  there  is  nothing  to  check  either  of  the  motions  of 
the  earth,  and  these  motions  will  continue  until  the 
sun  loses  sufficient  of  his  heat  to  disturb  his  power  of 
attraction. 

This  law  holds  good  for  all  the  sidereal  bodies  and 
their  individual  planetary  .systems. 

The  primaiy   impulse  imparted  to  all  the  s 
space  will  not  be  disturbed,  except  as  they  part  i 
their  heat.     When  this  reaches  a  certain  point,  all  tl 
bodies  in  space  will  develop  a  tendency  to  fall  towai 
each  other  in  a  vast  and  universal  collision. 

It  will  be  a  subject  fullof  the  most  absorbing  interest 
to  follow  the  course  of  our  earth,  from  the  time  of  its 
first  expulsion  from  the  sun,  until  it  became  the  fitting 
habitat  of  animal  life. 

Let  us  endeavor  to  pursue  this  pleasing  study, 
follow  the   interesting   steps  of  the  evolution  of « 
eartli. 

When  our  earth  was  a  mass  of  glowing  vapor,  it  w 
of  a  size  nearly  as  large  as  the  sun  from  which  it  i 
thrown  off,  but  was  greatly  attenuated  in  character. 

It  was  so  intensely  hot  that  metals  and  all  solid  snbrJ 
stances  were  vaporized ;  and  these,   when  vap( 
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occupy  a  space  about  eighteen  hundred  times  larger 
than^when  in  a  solid  state. 

.'  If,  therefore,  the  earth  in  its  present  solid  condition 
Easa  diameter  of  eight  thousand  miles,  it  had,  when  in 
a  state  of  incandescent  vapor,  a  diameter  of  a  little 
more  than  fourteen  millions  of  miles// 

An  ideal  sketch  of  these  proportions  would  convey  to 
the  mind  a  tolerably  clear  idea  of  how  much  the  earth 
has  shrunken  in  volume  from  its  vaporous  to  its  solid 
condition. 

As  it  circled  round  the  sun  in  its  orbit,  the  intense 
coldness  of  the  inter-planetary  space  exerted  a  chilling 
influence  upon  it,  causing  a  gradual  shrinking  and 
contraction.  Its  intense  heat  was  dissipated  slowly, 
and  passed  from  it  into  the  regions  of  space. 

This  process  of  cooling  and  shrinking  went  on  during 
many  ages,  and  the  heavier  elements  sank  to  the  centre 
of  the  mass,  while  the  lighter  ones,  those  that  were  to 
permanently  remain  gases,  such  as  free  oxygen,  hydro- 
gen, and  nitrogen,  remained  on  the  surface  surrounding 
it.  This  would  happen  if  we  melted  to  the  vaporizing 
point  a  number  of  elements  of  varying  degrees  of 
density,  and  allowed  the  mass  to  slowly  cool.  The 
heavier  would  subside,  while  the  lighter  would  remain 
above.  The  same  thing  happened  in  the  cooling  pro- 
cess of  our  earth.  Hence  the  solid  centre,  composed 
of  rocks  and  metals,  and  the  lighter  atmosphere  siu*- 
rounding  it,  composed  of  gases  and  vapors. 

As  this  cooling  process  went  on,  the  gaseous  mass 
finally  reached  a  time  when  it  became  semi-fluid,  like 
molten  metal.  We  must  remember  that  this  process, 
like  all  processes  connected  with  the  geology  and 
evolution  of  our  earth,  was  extremely  slow.  It  re- 
quired immense  periods  of  time  for  its  accomplishment 


We  can  easily  imagine  that  so  vast  a  body  so  intensely 
heated,  even  tliough  it  pursued  its  way  through 
regions  of  more  than  arctic  cold,  must  have  cooled  very 
gradually. 

When  it  finally  reached  this  semi-fluid  form  it  was 
I>robably  not  far  from  its  present  size, — a  globe  of 
tnelled  matter  pasty  in  consistence,  and  surrounded 
by  a  thick  envelope  of  gases,  intensely  heated.  These 
gases  were  only  mechanically  mixed ;  no  chemical 
union  had  then  taken  place.  

The  laws  of  mechanics  tell  ua  that  all  fluid  bodiel 
assume  the  spherical   form  when   iti  a  state  of  i 
tation. 

This  is  a  law  due  to  the  force  of  attraction,  whidi 
acts  upon  this  earth,  and  probably  upon  all  the  otlu 
celestial  bodies. 

It  is  this  law  that  makes  our  earth  globular  i 
shape.  It  olieys  a  simple  mechanical  law,  which  fora 
its  fluid  elements  into  a  spheroidal  form. 

Our  earth  possesses  three  distinct  movements :  Piisti 
its  movement  of  revolution  round  the  sun,  or  its  aO 
nual  period  of  revolution.  Secondly,  its  movement  o 
rotation  on  its  own  axis,  or  its  diurual  motion  ;  thi 
causes  day  and  night. 

Thirdly,  its  motion  of  nutation,  or  nodding,  or  itl 
north  and  south  motion.     This  causes  I 
spring,  summer,  autumn,  and  winter,  and  the  i 
tions  in  length  of  day  and  night. 

These  three  motions  are  so  constant  that  astronomers 
can  calculate  with  great  exactness  the  position  of  the 
earth  in  its  orbit  at  any  given  time.  It  is  a  mechani- 
cal law,  easy  of  demonstration,  that  a  semi-fluid  n 
in  rotary  motion  produces  as  the  residt  of  centrifb 
force  on  its  different   diameters,  an  increase  t 
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wards  the  larger  diameter  of  the  mass,  and  a  flatten- 
\  toward  the  poles,  or  extremities  of  its  axis. 
y  virtue  of  this  law  our  earth,  wheu  it  had  cooled 
down  to  a  semi-fluid  condition,  became  swollen  at  the 
equator  and  flattened  at  each  pole,  and  thus  changed 
from  its  original  spherical  shape  when  it  was  gaseous 

I  to  a  spheroidal  shape  wheu  it  was  fluid.  It  became 
Sattened  at  each  of  its  two  extremities. 
This  spheroidal  form  of  our  earth,  the  swelling  at  the 
equator,  and  flattening  at  the  poles,  furnishes  us  with 
K  simple  and  scientific  proof,  that  it  was  iu  remote  past 
ages  in  a  Uquid  slate. 
A  solid,  inelastic  body,  or  sphere  might  rotate  on  its 
axis  for  countless  ages  with  no  change  of  shape,  but  a 
semi-fluid,  or  pastj-  mass,  would  obey  a  fixed  law  of 
mechanics,  and  become  a  spheroid  instead  of  a  sphere. 
The  amount  of  this  flattening  has  been  variously  esti- 
mated, and  the  most  accurate  measurements  gi\e  us 
about  26>i  miles — that  is,  the  polar  diameter  is  less 
than  the  equatorial  diameter  by  a6^  miles.  This  is, 
however,  so  slight  as  to  be  practically  inappreciable. 

As  the  habitat  of  animal  life  and  of  the  causes  that 
have  led  to  changes  in  animal  forms  this  oblate  sphe- 
roidal shape  of  the  earth  is  of  little  consequence, 
tit  is  one  proof  of  many  of  the  original  fluid  condition 
what  now  seems  to  be  a  solid  globe. 
As  we  progress  in  our  study  of  the  many  changes 
luat  have  occurred  in  the  earth,  it  is  necessary  that  we 
should  have  clear  and  definite  ideas  of  our  subject.  It 
is  puerile  to  say  that  the  human  mind  cannot  grasp  so 
vast  a  subject.  The  trained  and  educated  mind  can 
grasp  it  and  easily  comprehend  it,  and  the  mind  can 
be  readily  trained  and  educated  by  proper  and  scientific 
Lhods  of  study  so  that  the  great  laws  that  govern 
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the  universe  and  the  evolution  of  life  upon  the  eardl, 
can  be  clearly  understood. 

hi  dealing  with  this  \*iew  of  our  subject,  the  cooling 
of  our  earth's  surface,  we  must  learn  to  deal  with  and 
clearly  understand  vast  periods  of  time,  not  thousands 
of  years,  but  many  millions  of  ages,  for  nature  moves 
slowly  in  her  operations  and  requires  for  her  n 
changes  enormous  lapses  of  time. 

It  is  probable  that  Ihe  period  of  time  from  the 
ment  that  our  earth  was  first  thrown  off  from  the  sun 
as  a  gaseous  mass  down  to  the  period  when  it  became 
a  semi-fluid,  pasty  mass,  having  its  first  fixed  sphe- 
roidal shape,  was  longer  in  duration  than  all  the  : 
that  have  since  elapsed  until  to-day. 

It  must  be  computed  as  many  millions  of  ages, 
the  reason  that  a  mass  so  vast  and  so  intensely  h« 
must  have  cooled  very  slowly. 

This  cooling  process  must  have  proceeded  mo 
less  quietly,  and  there  is  little  or  no  reason  to  su 
the  idea  that  the  earth  ever  was  the  scene  of  ti 
convulsions. 

The  great  mass  slowly  and  silently  parted 
heat,  which  was  radiated  into  space.  The  process 
a  very  quiet  one.  The  rocks  and  metals,  being 
heavier,  subsided  towards  the  centre  of  the  mass, 
the  gases  formed  a  thick,  hot  envelope  around 
heated  central  core. 

This  gaseous  envelope  was  composed  of  Oxy| 
hydrogen,  nitrogen,  carbonic-acid  gas,  and  many  sa 
STibstauces  besides,  which  was  so  dense  and  mu 
as  to  prevent  the  rays  of  the  sun  from  reaching 
slowly  solidifj'ing  cnist. 

We  can  compare  this  cooling  process  of  a\ii  m 
earth  to  the  cooling  process  of  molten  iron  from  a 
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furnace.  When  it  is  first  withdrawn  from  the  furnace 
it  is  liquid  and  glowing  w4th  a  brilliant  and  intense 
heat.  It  seethes  and  bubbles  in  parting  with  its  con- 
tained gases,  and  finally  settles  down  to  a  quiet  cool- 
ing. As  its  heat  diminishes,  its  brilliancy  diminishes 
also,  until  it  reaches  a  white  heat,  then  a  red  heat, 
then  a  darker  hue,  until  it  crusts  and  films  and  begins 
to  solidify  on  the  surface  and  becomes  opaque. 

If  it  is  agitated,  by  motion,  or  by  chemical  processes, 
the  liquid  interior  may  burst  through  the  thinly  formed 
crust,  and  pour  itself  out  over  it,  and  this  may  recur 
many  times,  tmtil  the  crust  is  sufficiently  thick  and 
strong  to  keep  it  permanently  confined. 

Now  this  cooling  of  the  melted  iron,  which  has  taken 
place  before  our  eyes  in  a  few  hours,  is  similar  to  a 
process  that  has  taken  place  in  the  earth  during  coimt- 
less  ages  past,  while  it  was  cooling  down  from  a  liquid 
to  a  thick  and  strongly  encrusted  form. 

Now  another  agent  sprang  into  activity  through  a 
purely  chemical  process,  to  hasten  the  cooling  of  our 
earth — ^namely,  the  compound  called 

WATER. 

We  are  told  that  steam  existed  in  the  thick  and  heavy 
atmosphere  of  the  earth,  and  being  condensed  in  the 
upper  and  colder  air,  fell  upon  the  heated  crust  as  rain. 
This  is  only  a  part  of  the  truth.  There  is  a  chemical 
fact  to  be  explained  besides. 

Steam  (which  is  vaporized  water)  did  not  originally 
exist  in  the  atmosphere,  but  hydrogen  gas  and  oxygen 
gas  did  exist  along  with  the  other  gases. 

Now  these  two  important  elements  or  gases  were 
present  in  vast  quantities  in  those  early  ages.  Each 
was  a  fixed  and  definite  element  or  gas  of  immense 


importance.  They  existed  as  gases  ouly,  Imving  no 
power  of  changing  their  properties.  They  were  mixed 
mechanually  but  not  chemually.  In  the  constant  fric-_ 
tional  movements  of  the  molecules  composing 
elements  of  tlie  atmosphere  there  was  in  time  generate 
a  new  chemical  force  which  we  call 

ELECTRICITY. 

This  was  produced  by  the  friction  of  the  particles  a 
the  various  gases  upon  each  other,  and  may  be  c 
fridional  electricity. 

This  was  a  potential  factor  at  this  period  of  t 
earth's  history. 

Let  us  see  exactly  how  water  was  first  formed,  i 
what  is  its  chemical  composition. 

It  is  a  fixed  law  of  chemistry  that  if  two  volumes  of "" 
piu'e  hydrogen  gas  are  mixed  with  one  volume  of  pure 
oxygen  gas,  and  the  mixture  ignited  by  the  electric 
spark,  the  two  gases  disappear,  and  water  is  formed  by 
the  chemical  union  of  the  two  gases.  It  is  not  a 
mechanical  mixture ;  it  is  a  chemical  compound. 
Here  we  have  another  instance  of  the  results  of  chemical 
force,  the  subtle  power  that  can  change  two  imponder- 
able gases  into  a  ponderable  liquid.  The  murky  gases 
that  formerly  surrounded  our  earth  moved  among 
themselves,  and  the  frictional  contact  of  their  particles 
generated  the  electric  spark.  This  acted  upon  the 
hydrogen  and  oxygen  gases,  and  weds  them  as  it  n 
and,  see^a  new  and  strange  substance  appeared,  tota 
dissimilar  from  the  viewless  and  impalpable  gases  tl 
gave  it  birth.     This  is  water. 

Electricity  re-arranged  the  atoms  of  the  oxygen  a 
the  hydrogen,  and  water  was  the  result.   In  this  s: 
and  beautiful  way,  obedient  to  a  fixed  and  stable  li 
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of  chemistry,  water  was  first  formed,  and  henceforth 
became  a  mighty  power,  and  a  measureless  comfort. 
The  air  became  a  gigantic  chemical  laboratory  working 
upon  a  magnificent  scale.  Water  was  formed  in  vast 
quantities  in  this  way,  and  being  heavier  than  the 
atmosphere,  fell  upon  the  heated  crust  of  the  earth. 
The  intense  heat  instantly  changed  the  water  into 
steam,  and  it  rose  in  the  air  as  watery  vapor.  As  it 
reached  the  upper  rarer  and  colder  air,  it  became  con- 
densed into  water  and  again  fell  upon  the  crust  of  the 
heated  earth,  to  be  again  vaporized  into  steam. 

This  was  repeated  many  times.  Each  vaporization 
of  the  water  conveyed  heat  from  the  earth  into  space, 
and  each  condensation  of  the  vapor  into  rain  carried 
cold  from  space  to  the  heated  earth. 

By  the  aid  of  this  process,  the  cooling  of  the  earth 
went  on  somewhat  more  rapidly. 

It  had  another  effect.  The  rain  continually  falling 
through  the  air  in  deluging  torrents  tended  to  wash  out 
and  carry  down  with  it  a  great  part  of  its  carbonic-acid 
gas,  which  dissolves  to  a  limited  extent  in  water,  and 
also  to  dissolve  its  various  salts,  which  it  held  in 
suspension  in  a  state  of  vapor  in  the  highly  heated 
atmosphere. 

In  this  way  the  atmosphere  gradually  became  freed 
from  its  impiuities.  It  was,  however,  too  thick  and 
heavy  to  sustain  animal  life,  even  if  animal  life  had 
existed  in  that  Archean  age. 

As  the  ages  went  slowly  by  the  crust  of  the  earth 
became  cooler  and  the  rains  more  abundant,  until  a 
point  was  reached  when  the  waters  were  no  longer  dis- 
pelled in  steam,  but  rested  on  the  earth  in  a  wide 
universal  ocean,  thick,  muddy,  and  boiling  hot. 

Imagine  such  a  scene. 
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The  air  still  laden  with  opaque  gases  so  that  the  rays 
of  the  sun  could  not  reach  the  earth  ;  a  sort  of  dull 
twilight  existed.  A  universal  sea,  stretching  every- 
where, boiling  and  bubbling  under  the  influence  of  the 
great  heat.  Flashes  of  lightning  illuminating  the 
darkened  air,  followed  by  peals  of  echoing  thunder. 
Deluging  rains  fell  ceaselessly.  No  land  or  life 
anywhere.  No  one  to  be  awed  or  impressed  b>- 
the  grandeur  of  such  "stupendous  activities"  of 
nature.  Everywhere  it  was  solitarj'  and  desolate. 
Drearine.ss  reigned  supreme.  It  was  a  scene  of  gloomy 
grandeur — a  wide,  universal,  lonely  ocean. 

When  we  speak  of  the  tremendous  activities  of 
nature,  of  great  dislocations  and  upheavals  of  the 
earth's  crust,  and  of  those  fearful  phenomena  that  have 
marked  the  geological  development  of  tlie  earth,  it 
must  be  understood  that  they  appear  so  to  our  eyes. 
They  item  great  to  us. 

In  reality,  these  great  convulsions  that  ha\'e  occurred 
in  the  fonnation  of  the  crust  of  the  earth  are  ven,'  small 
in  comparison  with  the  size  of  the  earth  itself.  Nature 
has  worked  out  her  great  and  wonderful  changes  in 
comparative  quiet. 

We  must  study  these  geological  changes  by  com- 
parison with  familiar  objects.  The  thickness  of  the 
superficial  crust  of  the  earth  bears  about  the  same  pro- 
portion to  it  that  the  egg-shell  bears  to  the  egg.  This 
is  a  fair  compari.son.  If  we  will  take  a  glohn  f/Uen 
inches  in  diameter,  and  cover  il  with  a  single  coating 
of  white  varnish,  it  will  give  us  a  very  correct  idea  of 
the  extent  of  the  ocean's  depth.  If  we  will  now  strew 
such  a  globe  with  grains  of  coarse  saud  we  shall  have 
theordinary  hills  and  valleys  now  seen  about  us.  If  we 
strew  a  few  mustard  seeds  here  and  there  we  shall  have 
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our  ordinary  mountains,  and  iT  we  again  strew  a  num- 
ber of  common  dried  peas  we  shall  have  the  highest 
mouiitaiu  peaks  of  Asia,  South  America,  aud  Mexico. 
They  shrink  into  nothingness  when  compared  with  the 
earth  itself.  This  comparison  gives  us  a  very  clear 
idea  of  the  relative  depth  of  the  sea  and  the  height  of 
tlie  loftiest  mountain  chains. 

Now  il  will  be  seen  that  the  ocean  represented  by  a 
coat  of  varnish  on  a  fifteen-inch  globe  is  so  small  in 
proportion  to  the  size  of  the  globe  that  il  sinks  into 
utter  insignificance.  It  could  \r^  disi>ellcd  in  space  and 
lost,  or  it  could  be  swallowed  up  in  the  interior  of  the 
earth  without  any  appreciable  efifect  upon  the  earth  it- 
self, except  as  to  its  influence  upon  life.  Great  as  the 
ocean  appears  to  us,  it  is  in  reality  small  when  com- 
pared to  the  size  of  the  globe  it  covers,  and  its  cooling 
efifect  on  the  hot  crust  of  the  earth  has  been  tompara- 
tivufy  slight.  Its  modifying  influences  on  the  con- 
figuration of  the  land  have  also  been  small,  although 
in  the  lapse  of  ages  the  aggregate  influences  have  made 
some  changes  in  beaches  and  sea-cliflTs,  but  it  has  had 
no  effect  upon  changing  the  area  of  the  continents.  If 
the  loftiest  mountains  on  the  earth  can  be  compared  to 
dried  peas  on  the  surface  of  a  fifteen-inch  globe,  it  will 

I  be  seen  that  such  expressions  as  "stupendous  up- 
heavals "  are  exaggerated. 
It  would  not  require  any  such  "stupendous"  force 
lo  elevate  above  the  sea-level  a  mass  so  small  when 
compared  with  the  size  of  the  earth  itself.  A  very 
gentle  force  would  be  sufficient  to  raise  so  small  a  mass. 
Great  mountain  chains  like  the  Himalayas,  the  Andes, 
and  the  Rockies,  seem  great  to  us,  and  in  comparison 
with  our  own  stature  they  are  so,  but  when  compared 
to  the  great  mass  of  the  earth  they  are  almost  unnotice- 
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able,  and  required  but  a  slight  force  for  their  upheaval. 
Even  in  approaching  our  own  Rocky  Mountains  from 
the  plains  of  Colorado  they  seem  moderate  in  size,  and 
it  is  only  such  elevated  cones  as  Pike's  Peak  and 
Long's  Peak,  and  a  few  others  that  are  especially 
prominent.  In  engineering  surveys  of  our  continent, 
and  in  relief-charts  of  mountain  districts,  the  elevations 
when  drawn  to  a  scale  are  much  less  prominent  than 
we  would  suppose.  The  mean  height  of  all  the  land 
on  the  earth  above  sea-level  has  been  estimated  to  be 
one  thousand  feet,  while  the  land  of  North  America  is 
only  750  feet  above  sea-level,  on  an  a\'erage. 

The  comparison,  therefore,  of  the  dried  peas  on  a 
fifteeu-inch  globe  is  a  just  one  of  the  inequalities  of  the 
earth's  surface,  and  conveys  to  our  minds  a  correct 
idea  of  their  comparative  extent.  This  also  proves 
that  the  earth  must  have  cooled  very  quietly  from  its 
gaseous  to  its  present  condition,  or  it  would  have 
shown  higher  moiuitains  and  deeper  valleys  as  the 
result  of  greater  geological  disturbances. 

In  the  course  of  ages  the  universal  ocean  of  muddy 
boiling  water  became  cooler  and  dearer.  The  rains 
still  fell  in  deluging  torrents,  the  vivid  lightnings  still 
flashed  and  illuminated  the  murky  air,  the  thunders 
still  echoed  over  the  lonely  sea.  The  rays  of  the  sim 
could  not  yet  reach  the  earth. 

It  is  no  idle  speculation  to  imagine  such  a  scene.  It 
must  have  been  so  from  the  nature  of  the  physical  ajid 
chemical  forces  then  in  activity.  The  earth  was  slowly 
evolving  itself  from  its  primitive  gaseous  condition  to 
become  the  fitting  abode  of  animal  life,  and  this  pro- 
cess must  have  been  extremely  gradual.  The  internal 
heat  of  the  earth  still  kept  its  contents  in  a  state  of 
fusion  long  ages  after  the  super-crusting  of  its  surface^^ 
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and  this  intense  internal  heat  manifested  itself  for  a 
time  by  movements  of  the  crust  more  or  less  extensive, 
while  it  lay  submerged  beneath  the  universal  sea.  At 
some  time  during  this  early  age  when  the  sea  had  be- 
come somewhat  cooler  and  clearer,  an  upward  move- 


FIO.   I. -FIRST   UPUFT   OF   LAND   IN    THE   SILURIAN    AQE. 

ment  of  the  crust  occurred,  and  we  have  as  a  result  the 
hist  uplift  ofi/r^itifu/ above  the  level  of  the  sea. 

Geologists  have  called  this  period — that  is,  from  the 
time  when  the  earth  was  In  a  gaseous  state  to  the  time 
when  it  was  sufficiently  cool  to  be  covered  by  water — 
the  Azoic  age,  which  means  an  age  without  life.  As 
there  was  no  land  there  could  have  been  no  life. 
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But  now  dry  land  appeared.  This  first  uplift  of  tl 
earth's  crust  tliat  reared  its  head  above  this  wide,  thi 
uuiversal  and  lonely  sea,  incurred  at  what  is  called  tl 
Lower  Silurian  age.  Il  consisted  of  a  long  line  of  Iot 
hills,  commencing  on  the  northeast  at  Labrador,  ex 
tending  in  a  southerly  and  westerly  direction  to  t 
region  of  Upper  New  York  and  the  Great  Lakes,  tha 
bending  to  the  northwest,  and  stretching  away  to  t 
Arctic  Ocean.  This  iKJW-shaped  strip  of  land  has  b 
named  the  Laurentian  Hills  from  the  fact  of  its  lyinj 
partly  along  the  border  of  the  St.  Lawrence  River  a 
GuU-. 

It  formed  a  great  barrier  that  divided  a  limitless  e: 
panse  of  waters  into  a  northern  and  southern  ocean 
This  strip  of  primitive  land,  the  first  dry  land  of  tl 
earth,  is  well  shown  in  Kig.  i.  The  shaded  parts  c 
the  map  show  the  still  submerged  continents, 
whicli  was  a  .shallow  sea. 

Through  all  subsequent  ages,  and  through  all  th 
successive  changes  thai  have  occurre<l  iu  the  earth'i 
crust,  this  primal  strip  of  land  has  remained  quie^ 
stable,  and  unchanged. 

Along  the  centre  fi-om  east  to  west  it  had  a  yi 
marked  ridge  or  divide,  which  in  later  ages  caused  it 
rivers  to  run  northerly  into  what  was  later  the  i 
Lawrence  Gulf,  or  southerly  into  the  Atlantic  C 
This  primal  upheaval   was  a  lifting  of  tlie  rocky  h 
of  the  ocean  above  its  surface  level,  through  the  ageac 
of  the  internal  fiery  forces  of  the  earth  forming  a  rock 
crest  or  ridge  of  land,  and  these  rocks  forming  t 
ridge  are  called  by  geologists  Azoic  rocks. 

Azoic  rocks  contain  no  fossils,  nor  any  sign  of  fbrr 
life,  and  we  are  certain,  therefore,  that  no  form  of  li 
then  existed. 
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This  first  uplift  of  land  above  the  surface  of  the 
tmiversal  ocean  marked  the  beginning  of  a  new  geo- 
logical age— the  Areheaii  or  Azoic  period,  which  was 
an  age  without  hfe. 

As  time  elapsed  a  new  era  dawned,  and  we  have  the 
advent  of  the  Silurian  Age,  with  its  three  subdivisions 
of  Primordial,  I/>wer  Silurian,  and  Upper  Silurian. 


-aUIET  SEAS  OF  THE  SILURIAN  AOE. 


ft  When  we  walk  along  the  shoTes  of  I.ake  Mcmphreina- 

■Sog.  and  on  the  shores  of  Lake  Champlain  and  Lake 

Mrge  in  Upper  New  York,  and  over  tlie  High  and 

\  rounded  crest  or  summit  where  Saratoga  now  stands, 

■  tread  on  that  same  land  that  countless  ages  ago 

lifted  its  head  above  a  universal  sea  which  covered  the 

primitive  globe. 

That  early  Silurian  beach  was  wide-atVetching  and 
desolate  and  silent.  Climates  did  not  exist ;  a  tera- 
terature   nearly   uniform    and    hot    encompassed    the 
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earth.  Deluging  rains  still  fell  upon  it ;  but  the  thick 
atmosphere,  heavily  laden  with  carbouic-acid  gas  and 
mineral  salts  was  nearly  quiescent,  and  obscured  the 
sun's  rays.  ■ 

The  torrential  rains  served  a  double  purpose.  Th^ 
purified  the  air  by  washing  down  many  of  the  impuri- 
ties held  in  suspension,  such  as  the  soda  salts,  etc., 
especially  the  chloride  of  sodium  or  common  salt ;  and 
they  slowly  wore  away  and  carried  down  to  tlie  sea  as 
sediments  the  highest  crests  of  the  land.  The  con- 
tained salt  in  the  air  and  in  the  earth's  crust  was  grad- 
ually dissolved,  and  the  ocean,  at  first  muddy,  hot,  and 
fresh,  grew  clearer  and  cooler.  The  sediment  stib^ 
sided,  and  in  later  ages  became  intensely  salt  ai 
beautifully  transparent. 

As  rime  elapsed  the  atmosphere  became  cleared  of 
its  impurities,  until  the  rays  of  the  sun  finally  pene- 
trated the  clouds  and  reached  the  Laurentian  Hills, 
whose  shores  lay  bathed  in  a  warm,  ft«sh,  and  quiet 
sea.  No  aerial  disturbances  occurred,  and  no  restless 
surf  beat  upon  its  sliores.  Such  an  ideal  scene  is  well 
shown  in  Fig.  2. 

I  Tn  that  peaceful  sea.  and  in  the  little  bays  and  ii 
of  that  quiet  coast,  the  first  and  simplest  viiai 
isms  found  a  congenial  habitat,  and  sprang  easily 
existence.  And  it  was  in  the  Silurian  age  that  these 
vital  organisms  actually  did  appear  upon  the  earth. 
The  later  ages  of  that  epoch,  called  the  Upper  Silurian 
period,  was  the  time  that  a  new  chemical  force  came 
into  activity,  and  produced  that  wonderful  phenome- 
non we  call  Life.) 
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CHAPTER  III. 

THR  PALEOZOIC  ACiK  :— THE  SILURIAN  PERIOD.    THE 

ORIGIN  OF  LIFE. 

Life  believed  to  l>e  a  form  of  chemical  force — Chemical  com- 
pounds— Albuminoid  substances  —  Protoplasm  —  »Single- 
celled  animals — Fission  and  growth  of  cells — Self-propaga- 
tion— Development  of  the  sea-worm — Masses  of  cells — 
Early  plant  life — Olynthus — Special  activities  of  cells — 
Protozoans — Lingula  —  Early  mollusks  —  Radiates  —  Star- 
fishes— Crinoids  or  sea-lilies  —  Comatula  —  Articulates  — 
Trilobites  —  Development  of  the  eye  —  The  nervous  sys- 
tem— Erosion  of  Laurentian  Hills — The  Ausable  chasm. 

In  the  study  of  the  origin  and  progress  of  life  on  the 
earth,  a  study  full  of  the  deepest  interest,  we  must 
constantly  keep  in  mind  the  many  changes  and  vary- 
ing conditions  of  the  earth's  surface.  We  have  seen 
that  as  the  result  of  these  changes,  the  earth  has 
gradually  become  the  fitting  habitat  of  animal  life. 
We  have  a  long  low  strip  of  dry  land  bathed  by  a 
warm  and  quiet  sea,  and  lighted  by  the  sun,  whose 
vivifying  rays  now  reach  the  surface  of  the  earth. 

Everything  seems  ready  for  the  introduction  of  life, 
and  we  have  reason  to  believe  that  at  this  period  life 
appeared. 

A  great  and  immensely  important  question  at  once 
confronts  us. 

What  is  life  ? 

We  answer,  it  is  a  form  of  chemical  energy  or  force 
acting  on  organic  substances. 
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By  what  process  did  it  spring  into  existence,  and 
how  did  it  first  appear  ? 

Undoubtedly  by  the  operation  of  a  fixed  and  inex- 
orable law  known  as  chemical  affinity. 

What  is  chemical  affinity  ? 

It  may  be  defined  as  a  peculiar  and  subtle  force,  of 
great  energy,  which  causes  the  simple  atoms  of  difier- 
eiit  fonns  of  matter  to  unite  and  fomi  new  bodies  or 
compounds  nnlike  the  original  elements. 

It  acts  at  slight  and  insensible  distances  npon  the 
most  dissimilar  substances,  and  by  the  chemical  union 
of  the  atoms  of  these  dissimilar  substances  other  bodies 
or  compounds  are  produced  that  are  entirely  unlike  the 
molecules  of  the  elements  that  entered  into  their  com- 
position. 

Its  operations  are  absolute  and  definite,  and  it  has, 
the  power  to  cause  simple  elements  to  unite  in  vaiyli 
proportions  with  other   elements  and   form   com] 
bodies  with  higher  powers. 

The  results  of  its  operations  are  well  known,  but  tl 
exact  method  or  process  by  which  atoms  unite  to  fc 
new  bodies  is  invisible  and  unknown  to  u 

We  have  seen  that  water  was  formed  by  the  union 
of  two  colorless,   impalpable  gases— namely,  oxygen 
and   hydrogen.      Here    a    new  body — a    hquid — has 
been  formed  which  is  totally  dissimilar  fix>m  its 
component  gases. 

We  do  not  know  how  the  atoms  arranged  themselves^ 
to  form  this  liquid,  but  we  do  know  that  it  was 
through  the  agency  of  chemical  affinity. 

The  lawsof  clieniistr>havea  fixed  fonnnla  for  water; 
a-s  for  all  substances,  and  a  knowledge  of  these  formuhB 
is  so  conveuient  that  it  tells  us  at  a  glance  of  what  th^ 
are  composed. 


>  two  S 

■elvesfl 
donefl 

rater,*^! 


The  Paleozoic  Age.  33 


Water  is  thus  expressed — H,0,  which  is,  as  above 
stated,  two  atoms  of  hydrogen  gas  and  one  atom  of 
oxygen  gas. 

Each  element  has  its  own  symbol,  by  which  it  is 
always  known.  Thus  oxygen  is  known  by  the  symbol 
O,  hydrogen  =  H,  nitrogen  =  N,  carbon  =  C,  phos- 
phorus =  P,  sulphur  =  S,  and  so  on  through  the  whole 
range  of  chemistry. 

A  combination  of  these  elements  produces  all  the 
substances  known  in  chemistry.  If  we  take  H  and  O, 
and  add  to  them  C,  in  varying  proportions,  we  can 
form  a  wonderful  series  of  new  and  strange  com- 
pounds. 

For  example,  if  we  take  twelve  atoms  of  carbon, 
eleven  atoms  of  hydrogen,  and  eleven  atoms  of  oxygen, 
and  unite  them,  we  have  an  entirely  new  substance, 
utterly  unlike  the  substances  that  entered  into  its  com- 
position, namely — crystalline  cane  sugar. 

There  is  a  formula  for  cane  sugar,  the  formula  being 
C,jH,,Oi,  invariably.  If  we  take  away  from  this 
eight  atoms  of  carbon,  five  atoms  of  hydrogen,  and  nine 
atoms  of  oxygen,  our  beautiful  white  crystalline  sugar 
changes  into  a  new  body  so  utterly  dissimilar  that  we 
do  not  recognize  it  at  all — ^namely,  alcohol  =  C4Hg02. 
If  from  alcohol  we  remove  a  single  atom  each  of  H  and 
O,  we  have  another  wonderful  change,  and  another 
new  body  is  called  into  existence— ether — quite  unlike 
alcohol. 

If  we  take  a  new  element,  nitrogen,  and  add  it  to  C, 
H,  O,  in  varying  proportions,  we  can  form  a  long  array 
of  strange  and  curious  and  interesting  bodies,  well 
known  to  organic  chemistry. 

Let  us  take  a  single  atom  of  H,  a  single  atom  of  N, 
and  three  atoms  of  O  =  H  N  O3,  and  these  harmless 
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I  intensely  corrosive 


molecules  unite,  and  we  have  i 
poison — nitric  add. 

If  we  take  an  atom  of  hydrogen,  an  atom  of  nitrogen, 
and  two  atoms  of  carbon,  each  simple  and  harmless 
elements,  and  combine  them  chemically,  we  produce  a 
peculiar  substance,  a  poison  so  deadly  that  a  small 
quantity  placed  upon  the  tongue  will  instantly  destroy 
life.     This  is  prussic  acid— H  N  Cj. 

The  list  of  new  substances  which  may  lie  formed  by 
varying  the  proportions  of  C,  H,  O,  N,  in  combination, 
is  almost  incredible,  not  only  in  the  number  of  new 
bodies  formed,  but  in  the  variety  of  their  characters. 
The  loug  array  of  compounds  which  can  l>e  thus 
fonned  is  an  interesting  illustration  of  the  law  of  chemi- 
cal affinity  or  chemical  force.  But  the  most  singular 
and  interesting  of  all  these  chemical  compounds  is  the 
group  of  bodies  known  as  albuminoid  substances. 
These  are  extremely  important,  and  intensely  inter- 
esting. 

These  substances  enter  largely  into  the  formation  of 
living  bodies. 

Albumen  is  a  familiar  substance  to  us  all,  and  is  seen 
in  a  state  of  purity  in  the  white  of  eggs  of  birds  and 
fowls.  A  compound  of  such  great  importauce  has  been 
carefiilly  studied,  and  chemists  give  us  the  following 


Chemical  Composition  of  Atbumen  in  One  Hundred  Paris: 
Carbon     ...  ,         .     53.5 

Hydrogen        .....  ,7.0 

Nitrogen 15.5 

Oxygen 22.0 

Phosphonis 0.4 

Snlpbur 1.6 
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It  will  be  seen  that  albumen  contains  six  elements, 
all  of  which  were  present  in  the  air  and  water  of  the 
earth  in  the  Silurian  age.  Albuminoid  substances 
largely  enter  into  the  formation  of  living  animals,  as 
well  as  to  form  the  most  important  articles  of  food. 

We  have  seen,  then,  that  this  subtle  force  known  as 
chemical  affinity  has  the  power  to  so  arrange  the 
atoms  or  molecules  of  elements  that  new  and  unlike 
compounds  are  formed,  and  that  it  is  a  law  constant 
and  fixed  in  its  operations. 

By  the  operation  of  this  law,  many  changes  occur  in 
chemical  and  organic  bodies.  As  for  example — ^gases 
are  changed  to  fluids — ^fluids  to  solids — solids  to  fluids 
— and  solids  to  other  solids,  and  in  each  case  a  new 
body  is  the  result,  unlike  its  component  elements. 
This  law  has  also  the  power  to  change  gases  into  jelly- 
like compounds  by  a  rearrangement  of  their  atoms, 
and  as  a  result  we  have  an  albuminous  compotmd, 
called  Protoplasm. 

The  chemical  formation  of  this  substance  is  the  first 
step  in  the  evolution  of  vital  organisms,  endowed  with 
the  principle  we  call 

LIFE. 

The  rearrangement  of  the  atoms  of  certain  gases  and 
elementary  substances  in  such  a  way  as  to  form  an 
albtuninous  mass,  or  protoplasm,  is  precisely  the  same 
chemical  process  that  takes  place  in  the  formation  of 
sugar  in  the  sugar-cane  and  many  other  plants,  and  in 
the  formation  of  alcohol,  of  ether,  of  acids,  and  of  a 
great  number  of  other  bodies  known  to  the  science 
oi  organic  chemisty.  Many  of  these  bodies  can  be 
produced  artificially  in  the  laboratory,  but  in  the  first 
instance  they  were  formed  in  nature's  laboratory  by 
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Tiitne  of  the-fixed  and  definite  law  of  chemical  affinity 
tmder  certain  &\-orable  conditions.  These  cmididons 
were  found  in  the  SUarian  age. 

We  ha\-e  seen  (Fig.  2)  that  in  the  Upper  Silurian 
period  the  sea  was  placid  and  undisturbed.  No  sur- 
ging tides  existed,  no  snrf  beat  upon  the  shore.  The 
coasts  were  indented  nnth  nnmeroiis,  quiet,  shallow 
bays,  the  air  was  mild,  and  the  water  was  fresh  and 
warm. 

The  sun's  rays  fell  «-ilh  softened  and  tempered  lieat 
upon  the  sea,  and  the  whole  earth  basked  iu  the  equable 
temperatureof  3  midsummer's  noon.  The  sea,  unruffled 
by  winds  or  currents,  was  in  precisely  the  condition  to 
favor  the  formation  of  little  masses  of  albuminous  mat- 
ter in  its  shallow  l>ays  and  pools. 

Here  chemical  affinity  rearranged  the  atoms  of  the 
elements  found  in  tlie  water,  and  under  conditions  so 
fevorable  the  little  protoplasmic  masses  or  cells  came 
into  existence. 

These  little  masses  of  jelly  or  albumen  were  at  6rst 
of  scarcely  greater  consistence  than  the  water  in  which 
they  lived.  They  were  fonned  by  adding  lo  the  ele- 
ments of  the  water  already  existing,  a  little  nitrogen,  a 
little  carbon,  some  sulphur,  and  a  trace  of  phosphorus. 

The  water,  already  formed  by  the  union  of  its  two 
component  elements,  H  and  O,  only  needed  the  addition 
of  a  few  atoms  of  C,  N.  S,  P,  to  form  albumen. 

With  these  added  elements  tlie  new  arrangement  of 
atoms  occurred,  and  here  and  there  in  the  quiet  sea  the 
little  lumps  of  albuminous  jelly  were  fonned  simply  by 
the  chemical  union  of  six  elements — namely,  C,  H,  N,0, 
S,  P — obedient  to  that  peculiar  force  already  described. 

The  albuminous,  jelly-like  masses  thus  formed  were 
bodies  composed  of  a  single  cell.      After  they 
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fbrmed  a  new  function  at  once  became  necessary— that 
of  nutrilion.  As  they  floated  in  the  water  they  ab- 
sorbed into  themselves  the  elements  of  the  water,  and 
in  this  simple  way  they  nourished  themselves.  The 
next  step  was  to  protect  their  soft  and  delicate  bodies, 
and  an  outer  covering  became  a  necessity.  This  cover- 
ing must  be  developed  from  the  formation  of  a  thin 
pellicle  or  membrane  caused  by  the  thickening  and  or- 
ganization of  the  atoms  on  the  outer  surface  of  the  cell. 

The  formation  of  this  cell-membrane  was  the  next  step 
in  the  process  of  development.  It  was  an  important 
step,  for,  as  we  shall  see  later  on,  the  cell-membrane 

lyed  a  conspicuous  part  in  the  subsequent  develop- 
t  of  some  of  the  higher  forms  of  early  life. 

A  cell-membrane,  to  cover  and  protect  the  soft  and 
delicate  contents  of  the  cell,  having  once  fonned  upon 
the  outer  surt'ace  of  the  cell,  it  could  perform  the  office 
of  an  absorbent  and  take  from  the  water  in  which  it 
lived  and  floated  as  a  little  delicate,  independent  body 
the  nutrient  materials  necessary  for  its  growth. 

And  this  it  did,  as  we  see  the  amoeba  does  to-day. 
The  original  cell  was  without  doubt  an  amosboidbody, 
and  nourished  itself  by  atisorbing  food  through  its  cell- 
membrane. 

After  tliiscf// reached  its  growth  by  nutrition  and  de- 
velopment it  proceeded  to  its  next  step— that  of  propa- 
gation. This  consisted  of  a  contraction  of  the  cell- 
membrane  through  the  centre  of  its  body,  and  this 
pinching  in  went  on  until  the  cell  divided  in  the  middle 
and  two  cells  were  formed  from  one. 

In  this  way  the  cells  multiplied.  Those  that  were 
originally  formed  by  the  union  of  the  six  primary  ele- 
ments divided  tberaselves  into  two,  and  this  process  of 

ibdi\ision  greatly  increased  their  tnimbers. 
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The  propagation  must  have  been  asexual,  or  without 
Bex,  for  sexes  could  not  have  existed  at  this  early  stage 
of  life. 

This  process  of  propagation  by  one  cell  dividing 
itstlf  into  two  has  been  called _/fj«('«,  and  this  peculiar 
power  of  fission  plays  an  exceedingly  important  part  in 
the  early  development  of  life  on  the  earth,  and  in  the 
prixresses  of  early  embryonic  life  throughout  the  whole 
range  of  the  animal  kingdom. 

The  method  of  self- propagation  of  a  MoneroD,  on 
single-celled  aninial,  by  fission,  is  a  subdivision 
itself  into  two  or  more  parts,  by  a  growth  of  these  little 
organisms  beyond  their  own  individual  limits  of  size. 
Wlien  they  reach  a  sine  which  limits  their  further 
growth,  they  immediately  subdivide  themselves, 
two  individuals  are  formed  in  place  of  one.  West 
steps  of  this  process  in  Fig.  ^. 


.1-  ■ 


FIG.  a. -FISSION 


This  method  of  propagation  by  self-division  is  a 
physiological  function,  and  is  one  of  the  most  widely 
spread  and  universal  in  thewholedomainof  the  minute 
animal  world,  for  by  this  pnxresa  cells  multiply  them- 
selves, and  single  ind  Ividuals  become  the  parents  of 
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There  can  be  no  reasonable  doubt  that  this  is  the 
process  by  which  that  peculiar  vital  phenomenon  to 
which  we  have  given  the  name  of  life  first  appeared 
upon  the  earth.  Let  this  process  be  clearly  under- 
stood. There  is  no  mystery  about  it.  It  is  plain  and 
easily  comprehended.  It  is  the  result  of  a  fixed  and 
definite  chemical  law. 

It  is  true  that  we  do  not  know  just  haw  the  atoms  of 
the  six  elements  are  arranged  to  form  protoplasm. 
Neither  do  we  know  just  how  they  are  arranged  to 
form  cane  sugar,  or  alcohol,  ether,  acids,  nor  any  of  the 
vast  array  of  bodies  known  to  organic  chemistry.  But 
we  do  know  that  they  are  arranged  to  form  all  these 
bodies,  and  that  they  are  so  arranged  by  the  influence 
of  chemical  action.  We  see  to-day  in  fresh  water  the 
one-celled  animal  called  an  Amceba.  We  know  he  is 
formed  by  the  union  of  certain  elements,  but  we  do  not 
know  how  the  atoms  of  those  elements  are  joined  to 
form  the  animal.  It  is  certain  that  they  are  formed  by 
a  chemical  process,  and  the  process  has  been  the  same 
fix)m  the  first  cell  to  the  last. 

If  we  have  established  the  fact,  that  vital  organisms 
owe  their  origin  to  the  operation  of  a  chemical  law,  and 
if  we  have  clearly  demonstrated  it  by  a  reference  to 
known  scientific  facts  and  logical  arguments — and  we 
think  we  have  done  so — let  us  proceed  upon  this  same 
basis  of  reasoning  to  establish  the  law  of  evolution,  and 
see  if  it  can  account  for  the  development  of  the  whole 
animal  kingdom,  through  all  its  successive  changes, 
boxsL  the  single-celled  animal  up  to  man.  Our  original 
little,  jelly-like  mass  is,  then,  an  animal  composed  of  a 
single  cell,  endowed  with  a  vital  principle  we  call  life, 
and  possessing  the  power  of  nutrition,  growth,  and  self- 
propagation. 
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The  propagation  must  have  been  asexual,  or  without 
sex,  for  sexes  could  not  have  existed  at  this  early  stage 
oflife. 

This  process  of  propagation  by  one  cell  dividing 
itself  into  two  has  been  called ^j«'o«.  and  this  peculiar 
power  of  fission  plays  an  exceedingly  importaut  part  in 
the  early  development  of  life  on  the  earth,  and  in  the 
processes  of  early  embryonic  life  tliroughout  the  whole 
range  of  the  animal  kingdom. 

The  method  of  self-propagation  of  a  Moneron,  or  a 
single-celled  aniniai,  by  fission,  is  a  subdivision  of 
itself  into  two  or  more  parts,  by  a  growth  of  tliese  little 
organisms  beyond  their  own  individual  limits  of  size. 
When  they  reach  a  size  which  limits  their  further 
growth,  they  immediately  subdivide  themselves,  and 
two  individuals  are  formed  in  place  of  one.  We  seethe  J 
steps  of  this  process  in  Fig.  3. 


This  method  of  propagation   by  self-division  i 
physiological  fnnction,  and  is  one  of  the  most  widd 
spread  and  universal  in  the  whole  domain  of  the  minute  *"' 
animal  world,  for  by  this  process  cells  multiply  them- 
selves, and  single  individuals  becume  the  parents  of 
I  aany. 
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Cells  possess  the  power  of  development  and  growth, 
and  this  power  causes  them  to  become  more  highly 
organized,  until  finally  we  have  a  cell  which  is  a  com- 
plete individual  in  itself. 

As  a  higher  grade  of  development  is  reached,  and  a 
higher  order  of  individual— or  one  composed  of  many 
mngle  cells — is  formed,  these  component  single  cells. 
fliat  propagate  themselves  by  self-division,  thus  giving 
rise  to  new  cells,  retain  these  new  cells  in  contact  with 
the  parent  cells,  instead  of  separating  into  solitary 
cells,  and  by  thus  i^gg'^^gdifig'  themselves  into  masses, 
they  form  a  more  complex  individual,  a  community, 
or  a  state. 

In  order  to  form  a  more  complex  individual,  or  one 
composed  of  many  cells,  in  the  upward  course  of  de- 
velopment, a  new  function  arises,  whereby  each  cell 
composing  the  mass  does  a  special  thing,  or  a  special 
kind  of  work,  and  this  is  known  as  a  physiohgkal 
division  of  labor. 

The  different  forms  that  masses  of  cells  as.sunie,  and 
the  vital  phenumeua  of  all  orgauLsms  composed  nf  many 
cells,  are  merely  the  expression  of  all  the  forms  and 
all  the  vital  phenomena  of  all  the  single  cells  which 
compose  them. 

All  animals  are  developed  from  tlie  egg,  which  is  a 
true  cell,  and  the  egg,  whether  that  of  a  nioneron  or  a 
man.  is  a  cell — either  single  or  aggregated,  with  its 
central  protoplasmic  mass,  surrounded  by  its  cell-mem- 
brane. Wlien  this  central  mass  subdivides,  its  parts 
remain  within  the  cell -membrane,  and  by  a  pliysio- 
logical  division  of  labor  organi/.e  themselves  into  the 
component  parts  that  form  the  new  individual. 

The  single  cell,  then,  is  an  animal  with  complete 
physiological  funclions  in  it.st-lf      It  has  the  power  of 
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nutrition  and  growth.  It  cau  subdivide  itself  into  two 
or  more  parts,  each  part  like  the  parent  cell  inheriting 
the  same  qualities  of  nutrition,  subdivision,  and  growth. 
It  can  transmit  its  qualities  to  successors.  The  simple 
cell  develops  in  a  later  age  iuto  the  more  highly 
organized  egg,  aud  this  by  its  greater  subdivision 
represents,  at  the  beginning  of  our  individual  existence, 
the  very  same  physiological  process  that  develops  all 
animals — whether  a  dog,  cat,  horse,  ape.  or  man. 

The  simple  cell  soon  develops  another  quality  be- 
sides those  of  nutrition  and  growth.  It  has  the  power 
to  attach  itself  to  other  cells,  and  form  a  line  of  cells, 
like  a  .string  of  beads.  In  this  way  a  more  compi 
animal,  a  Sea-Worm,  is  formed. 
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In  this  way  we  have  the  next  step  in  animal  life, 
iea-womi,  fonned  by  a  few  cells  attaching  themselves 
together  in  a  row. 

This  step  no  doubt  begau  by  two  cells  forming  such 
an  attachment,  then  others  were  added,  until  as  a  result 
we  have  our  simple  worm.  This  worm  gradually 
developed  a  special  activity — that  of  motiou — ^which 
enabled  it  to  swim  about  freely  in  the  sea,  in 
food. 

Here  is  a  step  in  advance  in  the  evolution  of  life. 

The  next  step  was  a  number  of  cells  grouping  thf 
selves  together,  not  in  a  row,  but  in  a  mass,  and  this 
group  of  cells  foreshadows  anotlier  form  of  animal  life, 
,  also  foreshadows  blanl  life. 


leo^ 
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It  has  been  a  question  among  biologists  whether 
animal  or  plant  life  first  appeared  on  the  earth.  We 
shall  endeavor  to  show  that  the  cell  which  was  at  first 
an  animal  soon  began  to  develop  also  into  a  plant,  so 
that,  thereafter,  animal  life  and  plant  life  proceeded  to 
a  higher  development  simultaneously. 

There  is  a  little  creature  belonging  to  that  group  of 
animals  called  Spong^es,  which  has  received  the  name 
of  Olynthus.  It  is  a  group  or  mass  of  cells,  adhering 
to  each  other  and  all  looking  alike.  The  mass  some- 
what resembles  a  mulberry.  The  cells  on  the  outside 
of  this  mass  soon  develop  a  special  activity.  They 
thrust  out  tiny  prolongations  of  their  cell-membranes, 
which  soon  become  developed  into  cilia  or  hair-like 
processes,  and  these,  vibrating  to  and  fro,  act  like  little 
oars  and  propel  the  little  creatures  through  the  sea. 

By  and  by,  another  change  comes.  The  central 
cells  arrange  themselves  to  form  a  central  cui)-shaped 
cavity,  and  the  animal  now  attaches  itself  to  a  rock  in 
the  waters  of  that  quiet  Silurian  sea.  Some  of  the 
cells  nearest  the  rock  soon  subdivide,  until  a  short  stem 
or  footstalk  is  developed. 

Now  that  the  animal  is  stationary,  and  needing  no 
longer  the  propelling  cilia,  they  disappear,  by  the 
law  of  disuse.  As  the  animal  can  no  longer  travel 
about  in  search  of  food,  its  food  must  be  brought 
within  its  reach.  We  soon  find  a  special  adaptation  to 
this  end.  Small  apertures  appear  in  its  sides,  and  the 
cells  lining  its  cup-shaped  cavity  develop  cilia,  pre- 
cisely as  they  were  developed  on  the  outside.  The 
vibratory  movements  of  these  cilia  maintain  a  current 
of  water  through  its  body,  and  our  olynthus  is  nour- 
ished by  a  supply  of  food. 

The  development  of  this  little  creature  is  very  inter- 


esting.  A  single  cell  subdiv-ided  itself  into  many,  all 
exactly  like  the  parent,  and  all  doing  the  same  thing. 
Soon  some  of  the  cells  de\'elop  a  special  activity  and  a 
special  apparatus  for  performing  particular  movements 
and  functions.  This  activity  induced  a  change  in  the 
form  of  the  cells  and  a  special  development  of  certain 
parts  which  marked  its  advance  to  a  higher  type  of 
animal  life. 

We  now  come  upon  a  great  principle,  clearly  illus- 
trating the  fact  that  the  steps  between  the  lower  and 
Uie  higher  types  of  animal  life  are  progressive,  and 
strongly  influenced  by  the  special  needs  of  the  animal. 

The  difference  between  a  simple  cell  and  our  sponge 
— that  which  makes  the  latter  a  higher  type  of  life 
than  the  former — is  that  a  certain  iiuml)er  of  its  cells 
are  set  apart  to  perform  a  certain  kind  of  labor. 

They  have  developed  a  special  activity  to  meet  the 
needs  of  the  higher  animal.  The  single  cell  moves, 
but  the  sponge  moves  more  rapidly,  because  it  has 
developed  special  organs  of  locomotion— the  cilia. 
When  it  has  attached  itself  to  a  rock,  its  locomotory 
apparatus  disappears.  It  seeks  its  food  by  a  new  pro- 
cess, but  its  digestive  powers  are  only  the  sum  of  the 
digestive  powers  of  the  single  cell. 

In  Fig.  5  we  see  these  groups  of  cells  attaching 
themselves  to  rocks  in  the  quiet  waters  of  the  primi- 
tive seas,  to  form  our  olynthus  or  spouge. 

The  de^'elopment  of  the  olynthus  takes  place  before 
our  observation  to-day.  We  see  the  groups  or  masses 
of  cells  of  a  mulberry  shape,  in  the  quiet  seas  of  our 
coasts,  and  by  confining  Ihem  in  captivity  they  pass 
through  the  various  phases  of  llieir  existence— the  de- 
velopment of  the  locomotory  cilia,  the  attachment  of 
mass  to  a  rock  by  means  of  tlie  growth  o  ' 
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stalk,  the  disappearance  of  the  extenial  cilia,  aud  the 
formation  of  internal  cilia,  and  the  lateral  ai>ertures  for 
Ihe  passage  of  the  water  into  the  cup-shaped  cavity  of 
the  animal. 

Is  there  any  evidence  that  this  process  tiM>k  pluc<;  in 
the  Silurian  age?  It  is  known  tliat  the  oly  nth  us  and 
other  forms  of  sponges,  when  they  reach  maturily, 
absorb  from  tlie  water  a  quantity  of  lime  and  silicon 
which   they   deposit  in   their   walls  in   the  shape  of 


-SPONQES  aROWlHO  o 


^bnculce  or  needles.     This  forms  a  hard  unyielding  wall 
Krhicli  retains  the  shape  of  the  animal.     It  is  comiiosc-il 
of  silicate  of  lime,  and  is  therefore  very  enduring. 

Geologists  have  found  the  siliceous  sponge  ca^ts  in 
the  lower  strata  of  rocks,  some  of  them  in  a  state  of 
complete  preservation. 

As  we  come  to  the   Cretaceous  period  we  find  ihc 

^xinges  in  a  still   better  state  of  preservation.     In 

e  strata  of  that  age  we  find  them  cup-shaped  like  the 
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original  olyiithiis,  and  saucer-shaped,  and  of  many 
Other  shapes  I»esides,  and  in  great  abundance.  These 
fossil  spimges  have  been  fouud  in  the  late  Tertiary 
strata  ;  and  so  we  have  evidence  left  us  in  the  rocks 
that  the  sponges  began  their  existence  very  early  in 
tile  Iiisloiy  of  life,  and  have  continued  it  onward  to  our 
own  time. 

The  lowest  form  tii  plant  life  is  found  in  the  Algse 
or  Sea-Weeds.  Here  the  cell  attaches  itself  to 
other  cells,  to  fonii  a  row,  as  in  the  sea-worm  ;  but 
instead  of  developing  the  jjower  of  motion,  they  attach 
themselves  by  one  end  to  the  rocks,  and  enter  Upon  a 
new  phase  of  existence.  The  cell-membrane  which 
adjoins  where  two  cells  are  in  contact,  is  absorbed  and 
disappears,  the  rest  of  the  cell-membrane  remaining 
intact.  In  this  way  a  perilous  tube  is  formed,  and  we 
have  the  simplest  expression  of  plant  life,  a  straight 
tube  or  stem  formed  of  many  cells. 

These  processes  of  die  development  of  animal  life 
and  plant  life  go  on  from  this  early  point  simultane- 
ously. A  long  period  of  time  is  required,  but  there  is 
ample  time  in  the  Silurian  age  and  the  ages  which 
succeed  it. 

The  sponge  growing  on  its  footstalk  in  the  quiet 
seas  of  that  remote  age  had  abundant  time  to  develop 
into  higher  and  more  special  types  of  existence. 

The  straight  tube,  composed  of  a  row  of  cells  which 
formed  the  first  plant,  developed  in  a  later  age  into  the 
Crinoids,  or  Stone-Lilies,  and  later  still  into  the  more 
complex  forms  of  higher  vegetable  life.  Many  lowly 
forms,  intermediate  between  the  sponges  and  some 
of  the  higher  animals,  doubtless  existed,  aud  having 
reached  a  certain  stage  of  development,  passed  away. 
Uauy  of  these  forms,  no  doubt,  were  the  result  \ 
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exnberant  development,  and  tjecame  txtinct  before 
they  reached  full  maturity.  The  fossil  remains  (if 
these  lower  types  of  animal  life  show  that  tlie  course 
of  evolution  was  ever  upward,  from  the  simple  lo  the 
complex  and  more  elaborate  organisms. 

They  are  steps  in  the  scale  of  development,  and  show 
that  the  evolution  of  life  was  regular  and  orderly. 

Nature  is  extremely  prolific  in  her  production  of  the 
lower  organisms.  The  vast  profusion  of  the  smaller 
fossils  we  find  so  often  give  abundant  evidence  of  that 
fact.  The  Coral  Polyps,  for  example,  have  formed  reefs 
of  immense  extent  out  of  their  limestone  remains.  The 
tiny  shells,  known  as  nummulites,  have  formed  the 
summits  of  great  mountain  ranges  in  Europe,  Africa, 
and  India  ;  and  the  extensive  chalk  cliffs  and  siIic(;ous 
deposits,  found  so  abundantly  over  widely  extended 
ueas,  are  formed  also  of  the  tiny  shells  of  animals  that 
flourisheil  in  past  ages.  In  many  of  the  lower  minute 
animal  forms  millions  of  individuals  are  produced,  and 
in  some  of  the  higher  and  modem  types,  myriads  are 
produced,  while  comparatively  few  reach  maturity. 
This  is  tnie  of  some  fishes — notably  of  the  cod  and  the 
shad.  Both  these  animals  produce  annually  millions 
of  eggs.  We  know  many  are  lost,  or  the  sea  would  be 
i>ver- populated  with  these  two  varieties  alone. 

The  laws  that  govern  the  evolution  of  life  show  a 
constant  tendency  to  advance  to  a  higher  grade  of 
de\'elopment,  to  the  production  of  more  advanced 
Eonns  and  a  higher  specialization  of  function.  The 
component  parts,  or  the  cell-life  of  the  earlier  or- 
ganisms, constantly  manifest  .1  more  perfect  and  com- 
plete physiological  division  of  labor,  whereby  certain 
parts  do  a  special  thing,   a  particular  kind  of  work, 

rhile  other  parts  do  another  special  thing,  and  this 
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special  activity  of  organs  or  parts  advances  the  ana- 
tomical structure  and  physiological  function  from  a 
lower  or  simple  to  a  higher  and  more  elaborate  form. 
It  is  this  principle  that  has  caused  all  the  succesave 
changes  that  have  occurred  iipoti  the  earth  throughout 
the  whole  vast  domain  of  the  animal  and  the  \-egetabIe 
world. 

The  sea-worm,  composed  of  a  string  of  simple  cells, 
like  a  string  of  beads,  has  left  his  record  in  stone.  His 
soft  body  burrowed  in  the  soft  mud.  and  tliis  mould- 
like imprint  has  hardened  into  stone,  which  has  come 
donii  to  us  perfectly  preserved  through  all  the  inter- 
vening ages. 

He  soon  developed  a  tendency  to  a  higher  form,  and 
a  more  complete  development.  This  upward  tendency 
resulted  from  the  power  of  the  cells  to  become,  as 
above  stated,  more  specialized,  and  to  assume  more 
intricate  functions.  The  physiological  di\'ision  of  labor 
in  the  cells  of  the  sea-worm  as,siimed  greater  activity, 
and  this  increased  activity  led  to  the  development  of 
newer  and  more  highly  organized  functions  of  the 
animal. 

To  the  simple  row  of  cells  composing  the  worm, 
were  soon  added  others,  by  the  process  of  subdivision 
and  increased  growth,  and  we  have,  what  later  on 
became  a  head,   a  larger  and  more  .specialized  cell. 

As  the  worm  moved  about  in  the  water  it  would 
naturally  develop  one  end  more  than  another,  and 
this  more  highly  developed  end  would  assume  a  greater 
activity  and  ultimately  become  a  Head.  This  is  one  of 
the  first  steps  towards  Cephalization.  The  head  results 
from  the  anterior  cells  becoming  more  active  and  as- 
suming newer  functions  adapted  to  the  needs  of  the 
animal. 
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As  this  creature  moved  about  in  the  water  by  a 
simple  unduJatorj-  motion,  Uie  law  of  use  canie  into 
activity,  aud  the  enlarged  anterior  cell  pushed  out  deli- 
cate lateral  prolongations  of  its  cell-membrane  which 
gradually  devt^lopcd  into  additional  locomotory  appen- 
dages. It  has  now  independent  swimming  oi^ans. 
and  is  a  step  in  advance  in  the  scale  of  animal  life 
over  his  predecessor,  the  sea-worm.  Besides  the  ani- 
mals composed  of  a  single  cell,  the  sponges  composed 
of  a  group  of  cells,  the  sea-worm,  and  the  higher  form 
with  its  lateral  swimmerets,  there  were  a  host  of  lowly 
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organized  animal  forms,  systemless  animals,  of  many 
varieties  of  shape.  Their  delicate  forms,  minute  and 
microscxjpic  in  size,  have  been  preserved  to  us  in  fossil 


This  extensive  group  of  little  systemless  creatures, 

g,<atid  others  more  specially  developed,  have  been  called 

Protozoans,  or  the  lirst  forms  of  life. 

A  reference  to  Fig.  6  will  show  how  numerous  these 

\  were,  and  how  intricate  they  became  even  in 

lat  early  age. 

Many  of  these  protozoans  early  evinced  a  tendency  to 
otect  their  soft  bodies  with  a  harder  covering,  and 
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the  thin  and  delicate  membrane  surrounding  them 
developed  a  finner  consistency  by  absorbing  lime  heW' 
in  solution  in  the  water.  This  calcareous  shield  ws 
the  first  step  towards  the  development  of  a  shell. 

Among  tlie  higher  protozoans  was  an  animal  I 
which  the  name  Lingrula  has  been  given.  This  little 
animal  was  originally  a  small  group  of  cells  attached 
by  a  footstalk  to  the  rocks  in  the  sua,  just  as  tlitS 
sponges  were.  The  cells  on  the  outside  of  this  ma^ 
took  upon  themselves  a  special  labor,  and  from  I 
soluble  lime  in  the  water  they  elaborated  little  by  little 


a  hard  covering  or  shell.     These  shells  were  no  largeX 
than  the  Uttle  finger  nail,  and  their  gradual  growth 
seen  in  their  delicate  markings. 

These  little  shells  so  fragile  and  delicate  in  strm 
increased  so  rapidly  that  their  fossil  remains  fomu 
vast  masses  of  stone,  which  has  been  called  Lin^ 
sandstone. 

The  footstalk  on  which  they  grew  also  became  c 
careous  in  structure,   ajid  as  the  animal   matured 
t>ecame  broken  off  and  fell  into  the  soft  mud  and 
and  was  buried.     In  the  course  of  time  tliis  mud 
sand  hardened  intostoue.euclo.sing  their  fossil  remain* 
Thus  were  formed  the  early  Mollusks,  which  w< 
followed     later     by     the     crinoids    or    sea-lilies,    t 
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many  varieties  of  snail,  and  the  scallops,  oysters,  and 
dams. 

During  this  Upper  Silurian  epoch  there  appeared 
besides  these  lowly  organized  animal  forms  we  have 
described,  and  at  the  same  time  with  them,  the 
Radiates,  and  among  these  were  the  simple  Star- 
Fishes,  which  have  continued  throughout  all  the 
ageSy  and  have  come  down  to  our  own  times. 

The  first  star-fishes  were  a  lowly  order  of  animal 
life,  and  were  formed  by  masses  of  soft  jelly-like  cells 
developing  a  more  advanced  set  of  locomotory  appen- 
dages. It  will  be  seen  that  such  a  mass  of  cells, 
clustering  together  in  the  water,  would  be  compelled  to 
move  about  in  search  of  food,  and  in  doing  so  would 
soon  push  out  first  at  one  point  and  then  at  another  a 
prolongation  of  itself,  and  these  moving  in  the  water 
as  swimming  organs  would  in  process  of  time  and  by 
the  law  of  use^  become  permanently  developed  as  rays 
or  arms^  and  thus  we  have  the  primary  evolution  of 
the  early  star-fish,  one  of  the  first  of  the  order  of 
radiates.  These  prolongations  forming  the  arms  or 
rays  of  the  star-fish,  at  first  soft  and  only  covered  by 
the  delicate  cell-membrane  of  the  cells  composing  it, 
would,  in  the  course  of  time  and  by  long-continued  use, 
acquire  a  firmer  consistency,  until  they  became  thick 
and  strong  as  we  now  see  them. 

A  more  complete  development  and  a  more  complex 
organization  of  this  animal  is  seen  in  the  modem 
species  of  star-fishes. 

In  Fig.  8  we  see  the  completely  developed  modem 
star-fish.  This  radiate  is  the  same  species  that  lived 
in  the  Silurian  age,  and  that  remote  animal  has  trans- 
mitted to  modem  times  the  same  qualities  that  were 
first  manifested  in  him.     In  our  own  waters  this  crea- 
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ture  is  found  in  vast  nombeis.  and  has  assttmed  preda- 
tory liabits  on  the  oyster-beds  that  abound  in  the 
waters  of  our  bays  and  coasts. 

The  delicate  shell  of  the  lingula  was  also  formed 
from  the  original  cell-membrane  that  sttirounded  the 
mass  of  soft  cells  composing  its  body.     This  cell-mem- 
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braoe,  Instead  of  liecouiing  thick  and  leathery  like  the 
.itar-fiahcs,  developed  a  tendency  to  absorb  lime  which 
tlie  water  held  in  solution,  and  gradually  elaborate  it 
into  a  shell  to  protect  the  soft  and  defenceless  body  of 
the  tiny  animal.  In  like  manner  the  shell  of  the  snail, 
scallop,  oyster,  and  clam,  and  all  the  multitude  of 
Ctirious  and  beautiful  univalve  and  bivalve  moUufiks 
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was  formed.  In  each  of  these  animals  the  cell-mem- 
brane in  the  early  stages  of  its  development  assumed 
the  power  to  absorb  and  organize  lime  held  in  a  solu- 
ble coudition  in  the  sea,  and  to  slowly  build  it  up  into 
the  hard  and  enduring  forms  now  seen,  with  the 
beautiful  colors  and  highly  complex  shapes  that  so 
many  of  them  possess. 

This  wonderful  complexity  of  form  and  figure,  the 
Variety  in  size,  and  the  singular  beauty  of  coloring  seen 
in  some  of  the  collections  of  shells  in  our  museums 
show  how  lavish  the  processes  of  evolution  are.  All 
of  them  were  formed  iu  the  same  way  by  the  develop- 
ment of  a  special  tendency  of  the  animal  to  elaborate 
out  of  the  lime  dissolved  in  the  water  the  hard  perma- 
nent shells,  of  almost  countless  variety  of  form,  that 
make  up  the  vast  order  of  inollusks.  Another  form  of 
life  appeared  iu  this  epoch,  au  animal  which  has  been 
called  a  crinoid  or  a  sea-lily  from  its  resemblance  to  a 
lily.  The  crinoids  or  sea-liHes  were  at  first  like  our 
sponges  and  our  Unguis,  little  masses  of  soft  protoplas- 
mic cells,  which  first  developed  the  stem  or  footstalk., 
«nd  this  enabled  them  to  attach  themselves  to  the  rocks 
on  the  bed  of  the  shallow  and  quiet  sea,  where  the 
conditions  were  favorable  to  their  full  and  complete 
development  into  the  many  diverse  forms  assumed  by 
them. 

The  elaborate  structure  of  the  crinoids  was  the 
result  of  a  special  activity  of  some  of  the  cells  compos- 
ing them,  and  a  special  growth  of  others,  and  a  divi- 
jnon  of  labor  manifesting  itself  where  certain  parts 
assumed  the  office  of  greater  development  in  producing 
ipetal-like  processes,  and  others  of  absorbing  lime  from 
the  water  and  storing  it  up  into  hard  and  stony  lily- 
'"  E  forms.     These  plant-like  animals  were  of  various 
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and  elaborate  shapes  as  we  see  in  their  abundant 
fossil  remains.  The  cupshape  was  the  form  assumed 
by  Olynlhus  aud  most  of  the  early  sponges,  and  this 
figure  has  been  transmitted  to  our  own  times. 

It  was  the  form  assumed  by  the  crinoids  also,  a  cup- 
shaped  stony  lily,  supported  on  a  long  slender  stony 
stem  <ir  footstalk,  an  animal  turned  to  stone. 

In  Figures  9  and  10,  we  see  several  varieties  of 
these  interesting  and  beautiful  animals.  So  many 
forms  show  at  once  that  they  lived  and  flourished  amid 


the  most  favorable  conditions.  The  advance  from  a 
mass  of  soft  cells  to  the  perfect  crinoid  was  very  great. 
These  animals  remained  during  the  whole  or  a  part  of 
their  lives  attached  to  the  rocks  by  their  footstalk. 
As  they  could  not  seek  their  food,  it  must  be  brought 
within  their  reach,  and  we  see  a  special  apparatiis 
designed  for  that  end.  The  mouth  of  the  creature  is 
in  the  centre,  and  the  arms,  or  petal-like  rays  radiating 
from  it  on  all  sides,  and  covered  with  vibratile  cilia, 
maintain  a  constant  current  of  water  towards  it,  and 
thus  bring  food  for  its  nourishment. 
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The  pretty  little  creature  with  ten  wavy  arms  m  the 
figure  below  is  a  variety  of  crinoid,  and  has  recei\'ed 
the  name  of  Comatula.  As  it  reaches  maturity,  it 
detaches  itself  from  tlie  parent  stem,   and   ever  after 


randers  free  to  seek  its  food  in  the  water  by  a  perfectly 
idependent  existence.     The  comatula  does  not  propa- 

e  itself,  but  is  developed  from  the  parent  crinoid. 
f  All  these   forms  of  ciinoids  are  now  extinct,  ex- 
!pt  the  long  slender  form   seen  in  Fig.  9  with  the 
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pretty  delicate  side  branches.     This  is  still  to  be  fotmd 
in  the  warji  waters  of  the  West  India  seas. 

In  the  groups  of  radiates  we  see  a  variety  of  forms 
of  this  lowly  organized  but  interesting  order  of  ani- 
mals. We  see  among  them  a  similarity  of  plan.  All 
are  constructed  on  the  radiate  type,  with  the  mouth  as 
a  central  aperture,  surrounded  by  wavy  arms,  or  lenla- 
des,  which  by  creating  a  current  of  water  by  their 
motion,  bring  a  supply  of  food  to  the  animal.  We  see 
thus  early  the  evolution  of  the  tentacle,  and  alsoca"-_ 
tain  lines  of  development  of  animal  life. 

These  lines  of  development  very  early  in  theSilurii 
age  manifested  themselves.  The  general  plan  of  stni 
ture  of  the  more  lowly  organisms  is  strikingly  alikftJ 
The  protozoans  are  all  constructed  on  the  same  gener 
plan,  but  in  one  of  them — the  sponge,  growing  on  iM 
footstalk — we  see  tlie  next  higher  order — the  radiate) 
— clearly  foreshadowed.  The  polyps,  sea-urchim 
star-fishes,  lingulae,  and  the  crinoids  or  sea-lilies,  i 
have  the  radiate  structure,  and  are  de\'eloped  c 
same  general  plan. 

This  order  of  animals,  with  its  special  radiated  type,  ' 
is  one  of  the  earliest  instances  of  the  formation  of  what 
may  be  called  radical  groups  of  animals,  or  where  a 
certain  special  type  of  animal  form  sprang  from  a 
common  slock.  We  shall  see  tliis  idea  more  clearly  set 
forth  when  we  come  to  consider  the  great  groups  of 
mammals  that  appeared  in  the  Tertiary  and  post-Ter- 
tiary epochs. 

The  lingula.  with  its  delicate  but  perfectly  formed 
shell  of  a  bivalve  type,  is  the  first  of  the  mollusks,  and 
this  animal  stands  as  the  progenitor  of  the  long  array 
of  mollusks  Uiat  appeared  in  subsequent  ages,  both  of 
the  univalve  and  bivalve  plan  of  development. 
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The  crinoids,  with  their  radiate  structure,  and  plant- 
like form,  plainly  foreshadow  vegetable  life,  which 
appeared  in  a  subsequent  age  when  the  terrestrial 
conditions  of  the  globe  were  better  suited  to  its 
growth. 

In  the  quiet  shallow  bays  and  pools  on  the  Upper 
Silurian  sea-coast,  another  form  of  animal  life  was 
evolved,  namelj-,  the  Articulates.  Among  this  exten- 
sive order  was  an  animal  known  as  a  Trilobite.  The 
earliest  of  these  were  tiny,  delicate  creatures  not  more 
than  one  sixth  of  an  inch  in  length.  They  were  little 
masses  of  soft,  jelly-like  cells  living  in  the  warm  and 
quiet  seas  of  that  long-past  age. 

By  the  same  anatomical  development  we  have 
already  studied  in  the  evolution  of  the  sponge,  the 
lingula,  the  star-fish,  and  the  crinoid,  these  animals 
also  developed  a  tendency  for  some  of  the  cells  to  do  a 
special  thing,  to  take  upon  themselves  a  physiological 
di\-ision  of  labor,  and  as  a  result  we  see  the  cell-meni- 
braneof  the  outer  cells  of  the  animal  becoming  thick- 
ened until  a  cmst  is  formed,  and  this  crust  serves  to 
protect  him  from  harm.  The  formation  of  this  cmst  is 
due  to  increased  activity  and  greater  nutrition  of  the 
cells  composing  the  cell- membrane.  The  movements 
of  the  animal  threw  this  cmst  into  folds  or  creases, 
and  in  the  course  of  time  these  markings  became  per- 
manent, and  conferred  upon  him  his  distinctive  name, 
the  trilobite.  or  tliree-lobed  animal. 

During  the  long  ages  of  the  Silurian  period,  the  tri- 
lobites  found  a  congenial  habitat,  and  surroundings 
free  from  destructive  agencies,  in  the  quiet  seas  of  that 
epoch.  Thus  favored,  they  increased  prodigously  both 
in  size  and  numbers. 

Thdr  distribution  was  extensive.     Their  fossil  re- 
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mains  imbedded  in  stone  have  been  found  along  the 
shores  uf  nearly  the  whole  extent  of  the  Laurentian 
Hills.  Some  of  them  attained  a  length  of  three  feet, 
and  they  must  have  actually  swamied  in  those  early 
Silurian  seas.  The  crust  of  the  larger  trilobites  waq^ 
quite  thick  and  resisting,  and  here  we  see  again  a  fore-i 
shadowing  of  the  crustaceans,  such  as  the  crab  an4] 
lobster,  which  appeared  in  a  su!>sequent  age. 

The  fos.si]  remains  of  the  protozoans,  the  linguUe,i 
the  crinoids,  the  trilobites,  and  the  other  early  forms 
of  life  that  have  been  preserved  to  us,  show  no  trace 
of  a  nervous  system,  and  this  is  not  to  be  expected, 
since  nerves  and  nerve  centres  are  so  soft  and  perisha- 
ble. But  it  is  not  to  be  doubted  that  the  special 
acti\Hties  in  the  protoplasmic  cells  that  led  to 
stantly  higher  and  more  complex  functions  in  auimi 
life,  led  also  to  the  formation  of  a  nervous  system. 
This  system,  which  must  liave  been  at  first  extremely' 
simple,  consisting  perhaps  only  of  a  sensitive  spot  of. 
integument,  which  was  sufficient  to  subserv'e  the  ueed»; 
of  the  animal,  developed  into  more  elaborate  functtoirt-j 
as  the  animal  scale  progressed  to  a  higher  level, 

As  the  anatomical  structure  aud  physiological  func-^j 
tions  of  tliese  early  animals  developed,  a  system  ofr 
nerves,  or  sensitive  areas,  became  necessary  to  protect 
them  from  hann  and  to  impart  motion.  The  primitive 
cell,  surrounded  by  its  cell- membrane,  possessed  the 
power  both  of  sensation  aud  motion.  Each  of  these 
functions  was  developed  in  the  external  cell-mem- 
brane. A  sensitive  spot  on  some  part  of  the  membrane 
was  all  that  was  necessarj'.  But  as  animal  life  ad- 
vanced, something  more  than  a  sensitive  spot  was 
needed,  and  certain  cells  assumed  the  functions  of 
nerve-cells.      These   nerve-cells  increased   in   numbers 
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and  importance  as  the  animal  developed,  until  a  defi- 
nite system  of  nerve-cells  and  nerves  were  formed  to 
supply  the  needs  of  the  animal. 

The  development  of  a  nervous  system  had  much  to 
do  with  the  progress  of  animal  life  from  a  lower  to  a 
higher  scale.  A  nervous  system  elaborates  intelli- 
gence, and  the  more  complete  the  nervous  development 
is  the  greater  the  amount  of  intelligence.  The  elabora- 
tion of  a  nervous  system  soon  led  to  the  aggregation  of 
nen.-e-cells  into  masses  at  certain  parts  of  the  animal's 
structure,  and  these  masses  soon  determined  the  loca- 
tion of  the  head.  This  was  one  of  the  earliest  steps 
towards  cephalization.  or  the  formation  of  a  brain. 

The  trilobites  were  among  the  earliest  of  the  primi- 
,tive  animals  to  develop  an  Eye,  The  evolution  of  the 
a  visual  organ  could  only  have  taken  place  after 
le  atmosphere  was  sufficiently  clear  to  permit  the  rays 
the  sun  to  reach  the  earth's  stuface.  An  eye  could 
only  he  developed  when  there  was  light  enough  to  see. 
In  a  thick  and  dark  atmosphere  an  eye  would  have  been 
useless.  But  as  the  atmosphere  became  clear  and  the 
sun's  rays  reached  the  earth,  an  eye  became  necessary. 

The  development  of  the  eye  as  an  optical  instrument 
followed  the  development  of  the  nervous  system,  and 
was  stimulated  by  the  needs  of  the  animal  to  see  in  a 
clear  and  sunlit  atmosphere.  This  need  soon  led  to  an 
increased  activity  and  a  more  special  labor  of  some  of 
the  anterior  cells  of  the  head,  and  these  cells  establish- 
ing, through  the  sensitive  external  membrane,  a  special 
line  of  communication  with  the  nervous  system,  led 
gradually  to  the  development  of  the  eye. 

Here  is  a  striking  instance  of  the  adaptivencas  of 
nature — the  development  of  a  means  to  accomplish  a 
.l^pecial  end. 
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Tlie  eye  of  the  trilobite  gradually  assumed  a  coaica 
shape,  and  developed  many  facets  or  lenses,  enablii 
the  aoimal  to  see  ia  every  direction  at  once  without" 
changing  the  position  of  its  rigid  and  unwieldy  body. 
The  increased  range  of  vision  compensated  for  the  im- 
mobility of  the  body.     Vision  was  not  required  on  tji§ 


inner  side  of  the  eye,  and  heuce  in  that  situation  B 
visual  lenses  were  developed.  Here  is  an  instance  0 
the  economy  of  Nature.  She  does  not  develop  needles 
parts. 

The   trilobite  is  seeu   in   Fig.   ii.     It  is  said  I 
more  than  four  hundred  -species  of  this  prolific  anini 
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have  been  discovered,  and  its  fossil  remains  that  have 
been  found  are  so  well  preserved  that  its  growth  froiil 
the  egg  to  the  adult  animal  has  been  more  accurately 

r^  than  that  of  any  other  of  the  early  crustaceans, 
e  of  them  could  roll  themselves  into  a  ball,  a  move- 


Int  that  has  been  transmitted  to  later  species  of  ani- 
ls.    The  head  in  some  species  presented  a  shield  or 
crescent  form. 

Another  curious  crustacean  was  found  in  those  early 
_^urian  seas. 

These  animals,  so  well  depicted  in  Fig.  12,  bore  no 

iemblance  to  the  trilobites,   but  wore  of  a  higher 

r  of  life.     The  cut  shows  them  of  a  natural  size. 


i.-  EUBrPTEHUS 
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In  this  singular  cmstaceaii  we  see  more  completely 
developed  locomotory  appendages,  admirably  adapted 
for  crawling  and  swimming  in  the  shallow  pools  and 
bays  of  that  period.  The  outer  crust,  which  i 
ranged  in  circular  plates  or  rings,  with  overlappinj 
edges,  is  well  adapted  for  the  protection  of  the  i 
body  within.  This  crust  was  formed  by  a  .special 
development  of  the  outer  cell -membrane,  a  natural 
hypertrophy  of  the  part,  this  portion  of  the  cell-mem- 
brane being  endowed  with  the  power  to  elaborate  f 
thickened  outer  covering  for  the  protection  of  the  a 
mal.  The  movements  of  the  body  imparted  to  1 
crust  while  it  was  flexible  a  number  of  folds,  aud  these  ' 
became  at  a  later  stage  the  overlapping  plates  covering 
the  body. 

In  this  crustacean  we  see  the  beginning  of  that  long's 
line  of  crustaceans  tliat  end  in  the  prawn.s,  shrimpe 
spiders,  crabs,  and  lobsters  of  our  own  time. 
of  the  trilobites  have  been  preserved  to  our  own  time.  ' 
They  arose  by  the  law  of  evolution,  from  a  preceding 
form  of  life.     They  flourished,  and  multiplied  in  vast 
numbers,  liecause  they  found  a  congenial  habitat  i: 
quiet  bays  and  pools  and  the  warm  waters  of  thi 
Upper  Silurian  sea.     The  temperature  of  the  air  \ 
equable,  food  was  abundant,  and  they  enjoyed  immtKl 
nity  from  dangerous  enemies.     All  these  were  power- 
ful factors  favoring  the  rapid  increase  of  animal  life. 

In  the  course  of  time  they  passed  away,  and  we  find 
their  fossil  remains  in  great  numbers  over  extended 
areas  of  the  earth's  siu^ace,  notwithstanding  the  feet 
that  many  millions  of  years  have  passed  away  since 
they  became  extinct. 

The  perfect  state  of  preservation  in  which  we  f 
these  fossil  trilobites  shows  how  quiet  and  stable  t 
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The  higher  elevations  of  land  were  eroded  by  the  1 
long -continued  rains,  and  washed  down  as  sand  and  \ 
mud  into  the  shallow  adjoining  waters. 

Here  it  was  spread  out  into  layers  superimposed  1 
upon  each  other,  and  in  process  of  time  it  hardened  I 
into  stone. 

The  southern  slope  of  the  Laurentiau  Hill  formation 
comprises  part  of  the  northern  portion  of  the  State  of 
New  York.     Here  we  have  a  clear  idea  of  the  erosive 
action  that  occurred  in  the  Lower  Silurian  epoch,  in  the  \ 
rocks  of  the  Ausable  Chasm,  near  the  westerly  shore  J 
of  upper  Lake  Champlain. 

The.sc  rocks  are  of  Potsdam  sandstone,  and  lie  i 
thin  horizontal  layers,    varying   from  six   inches  to.l 
thirty-six  inches  in  thickness. 

The  thickness  of  the  entire  Potsdam  formation  is  not  1 
accurately  known.  That  in  New  York  State  is  about  I 
six  hundred  feet,  but  along  the  Appalachian  range  of  j 
moimtains  it  is  about  seven  thousand  feet  tliick. 

In  Fig.  13  we  have  a  very  good  \-iew  of  the  lami-] 
uated  character  of  these  rocks  as  they  now  appear  in  I 
the  Grand  Flume  of  the  Ausable  Chasm. 

In  Fig.  14  we  have  another  view  of  the  same  chasm,  \ 
showing  the  great  thickness  of  these  superimposed  J 
beds.     We  can  also  see  how  eveidy  the  eroded  material  J 
was  spread  out  ou  the  floor  of  the  sea  in  succesdve 
layers,  where  it  slowly  hardened  into  enduring  stone. 

When  treating    of  geological    changes  that    have  ' 
occurred  in  the  earth's  history,  and  of  the  evolution 
of  life  upon  its  surface,  we  are  accustomed  to  deal  with 
long  periods  of  time.     Not  of  centuries,  nor  of  thou- 
sands of  years,  but  of  millions  of  ages. 

The  changes  that  occur  in  animal  forms  are  exceed-  ' 
ingly  slow.     They  require  many  thousands  of  ages, 
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The  evolution  of  a  higher  form  of  hfe  from  a  pre- 
Bceding  lower  form  demands  long  periods  of  time  for 
I  its  accomplishmenL 


FIQ.   1*.— HORIZON  TAU 


WALLS  OF  AUSABLE  CHASM. 
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But  it  is  orderly  and  stqueutial,  not  abrupt,  Of  mys- 
terious. 

These  changes  are  anatomical  and  physiological,  and 
are  brought  about  by  natural  causes,  and  are  wholly 
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within  the  grasp  of  our  reason.   We  have  only  to  study 
them  patiently  and  scientifically  to  understand  them. 

Some  idea  may  be  gained  of  the  vast  length  of  the 
Silurian  epoch  by  a  study  of  a  single  one  of  its  feat- 
ures, iiamelj-,  the  Potsdam  sandstone,  the  base  of  the 
Lower  Silurian,  as  shown  in  Figs.  13  and  14  of  the 
A  usable  Cha.sni. 

After  the  Laureiitiati  Hills  were  raised  above  the 
primitive  sea  they  began  at  once  to  suffer  erosion 
from  the  rains  that  fell  upon  them.  These  rains 
slowly  wore  away  the  highest  portions  of  the  rock 
and  washed  it  down  as  sand  and  mud  and  deposited  it 
in  even  horizontal  layers  in  the  adjacent  sea.  This 
erosion  and  deposit  went  slowly  on  until  the  fine  sandy 
material  reached  a  thictness  of  about  six  hundred  feet. 
In  the  course  ofthe  ages  these  strata  hardened  into  stone, 
and  later  were  raised  above  the  sea-level,  by  the  force 
of  an  upheaval,  to  where  they  now  rest.  This  w 
the  beginning  of  the  Silurian  age. 

Let  us  fully  understand  this  fact. 

The  solid  azoic  rock  was  slowly  and  mechanic 
dissolved  by  rain,  and  washed  dowji  gradually  into  B 
bed  ofthe  sea,  where  il  attained  a  thickness  of  six  hun- 
dred feel.     It  then  turned  again  to  rock  (sandstone), 
and  was  again  elevated  to  a  height  above  the  sea. 

This  was  a  slow  process  and  required  an  i 
lapse  of  time. 

In  the  course  of  these  slow  terrestrial  changes  there 
was  ample  time  for  the  evolution  of  life,  and  the 
many  changes  from  the  primal  protoplasmic  cell  to  the 
more  highly  organized  trilobile  and  the  Eurypterus 
Remipes. 

At  the  close  of  the  long  Silurian  age  these  cru 
ceans,  which  had  already  reached  their  highest  c 
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opment,  began  to  disappear.  Changes  in  the  formation 
of  the  land,  the  filling  up  of  many  of  the  shallow  bays 
and  pools  in  which  they  lived,  by  sedimentary  deposits, 
and  the  appearance  of  predatory  enemies,  led  to  their 
gradual  extinction.  Their  exit  from  the  stage  of  life 
was  not  sudden  or  abrupt.  It  was  gradual  and  ex- 
tended far  into  the  Devonian  age.  But  they  ultimately 
disappeared  and  left  their  record  in  stone,  silent  and 
truthful  witnesses  of  the  active  evolution  of  animal  life 
in  a  long  past  geological  age. 

Science  has  divided  the  geological  epochs  into  dis- 
tinct ages,  which  are  convenient  when  referring  to  the 
development  of  the  successive  forms  of  animal  and 
plant  life. 

They  are  as  follows  : 


T.  Azoic                age 

or  age  without  life. 

2.  Silurian              '* 

**     *'    of  Invertebrates 

3.  Devonian 

"     •'     **  Fishes. 

4.  Carboniferous    '* 

"     ••     "  Coal  Plants 

5.  Reptilian           *' 

"     "     **  Reptiles. 

6.  Mammalian        " 

*•     "     "  Mammals. 

7.  Quartemary       " 

♦•     •'     "  Man. 

The  animal  kingdom  has  also  been  conveniently 
divided  into  orders  and  species  as  follows  : 

ANIMAL  KINGDOM   OR    FAUNA. 


SUB-KINGDOM  : 

z.  Protozoans — Cells,  Microscopic  Systemless  Animals,  Mul- 
tiple-cells, Sponges. 

2.  Radiates — Polyps,  Sea-Urchins,  Star-Fish. 

3.  Moiiusks — Snails,  Scallops,  Oysters,  Clams. 

4.  Articulates — Insects,  Spiders,  Crabs,  Lobsters. 

5.  Vertebrates — Fishes,  Reptiles,  Birds,  Mammals,  Man. 


Sect;ok  or  thk  Earth's  Ckust. 

TV  llltulrate  the  Siiatritn  of  Lift  on  Iht  BaHk. 
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These  five  subdivisions  of  the  animal  kingdom  show 
a  legtdar  gradation  of  the  forms  of  life  fi-om  a  single- 
celled  animal  up  to  the  complex  organism  called  man. 

We  have  now  traced  step  by  step,  with  sufficient 
minuteness  of  detail,  the  different  processes  that  led  to 
the  formation  of  the  primal  protoplasmic  cell,  by  the 
chemical  union  of  the  elements  of  matter.  We  have 
seen  that  life  first  manifested  itself  in  a  simple  cell, 
that  succeeding  steps  evolved  a  sea-worm,  a  sponge,  a 
lingula,  an  alga,  acrinoid,  a  trilobite,  and  a  whole  host 
of  invertebrate  animal  forms  besides.  These  forms  of 
life  abounded,  they  flourished  and  grew  amid  favora- 
ble conditions.  Some  were  destined  to  transmit  them- 
selves to  succeeding  ages,  others  became  extinct  and 
have  left  their  history  in  stone.  The  earth  advanced, 
and  a  new  species  of  animal  life  was  soon  to  appear 
— ^namely,  the  Vertebrates. 


CHAFTKR  IV. 


THE     PALEOZOIC    AGE:— THE    DEVONIAN     PERIOttJ 
THE  EVOLtmON  OF  THE  VERTEBRATES. 


Evolution  of  the  early  fishes — The  ball-and-socket  vcrtehrte 
— Bony  vertebra? — Heterocercal  tails — Tbe  egg — The  blas- 
todenn— The  dorsal  plates — The  meilullaiy  canal— The 
Bpinal  cord— The  chorda  dotsalia — Devonian  fishes— Ceph- 
alaspis — Gar-pike— Early  marine  plants — Crinoicls — Coma, 
tula — Pentacrinus — Coral  reefs — Coral  auimala — Aslricans 
—  Meandriuas  —  Pontes  —  Maiirepores  —  Millepores  —  Se»«, 
fans — Corallines— Anatomy  of  the  coral  snimal- Btt( 
coral  eggs — Watkins  Glen. 

The  geological  formations  of  the  Silurian  age  pass 
into  those  of  the  Devonian  age  by  an  easy  transition. 
Yet  the  latter  mark  a  new  epoch  in  the  evolution  and 
progress  of  animal  life,  and  thus  stand  apart  as  a  dis-^^ 
tinct  age  in  the  history  of  geology.  The  Devoi 
age  lias  been  divided  into  the  Lower  and  Upper  1 
vonian.  The  first  was  when  the  great  limestone  for 
tions  occurred,  while  the  rocks  of  the  second  i 
were  mostly  sandstone. 

It  is  not  probable  that  any  marked  change  occurred 
in  the  configuration  or  aspect  of  the  land  and  the  con- 
dition of  the  air  at  the  beginning  of  the  Lower  Devo- 
nian age.  The  transition  from  the  preceding  age  was 
extremely  slow,  as  are  all  steps  in  the  geological  his- 
torj'  of  the  earth.  As  time  passed  away,  however,  the 
land  changed  both  in  character  and  extent.    Thecoast- 
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<,  extended  ou  both  sides  of  the  great  bow-shaped 
ft,  the  shallow  adjacent  seas  gradually  grew  more 
•shallow  and  were  filled  up  by  the  washing  down  of 
sand  and  mud  from  the  summits  of  the  I,aurentian 
Hills.  But  still  a  great  part  of  the  dry  land  as  we  now 
see  it  lay  under  water,  and  the  sea  for  a  considerable 
extent  was  of  a  moderate  depth. 

The  earlier  fonns  of  animal  life  were  slowly  passing 
away,  although  t>'pes  of  each  were  still  to  be  set-n. 
No  sudden  or  abrupt  disappearance  of  any  species 
occurred,  but  a  change  to  higher  and  more  complete 
organisms  took  place,  and  in  the  nature  of  events  the 
older  forms  were  displaced  by  the  more  recent. 

In  the  Devonian  age  a  new  form  of  life  appeared 
upon  the  earth — namely,  the  Vertebrates. 

This  order  of  animals,  so  entirely  uuhke  and  dis- 
tinct from  any  that  had  appeared  before,  had  a  special 
feature  characteristic  of  themselves,  which  gave  them 
their  distinctive  name.  This  was  the  spinal  tvlumn 
or  backbone. 

It  was  a  bony,  Bexible  spine  composed  of  a  number 

^KgF  separate  pieces  or  ifcrffiri*  located  longitudinally  in 

^^pe  interior  of  the  body  of  the  animal.     It  was  a  new 

^Bfcparture  in  the  law  of  evolution,  and  pointed  to  a 

higher  and  more  important  order  of  animals — an  order 

which  in  the  course  of  time  included  fishes,  reptiles. 

birds,  mammals,  and  finally— man. 

The  earliest  form  of  the  vertebrates  was  the  Fishes, 
and  as  they  first  appeared  in  the  Devonian  age,  it  has 
well  been  called  the  Age  of  Fishes. 

These  early  Devonian  fishes  were  of  a  different  type 
from  those  of  a  later  age.  The  vertebral  column  jkjs- 
sessed  a  certain  degree  of  mobility,  the  vertehrse  theni- 

Ives  having  more  of  the  characters  of  the  mammalia ; 
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that  is,  they  were  vertebrje  with  the  ball-and-socket 
joint,  and  flat  intervertebral  facets,  instead  of  the 
inverted-cone  vertebrae  so  characteristic  of  modem 
fishes. 

The  flexible  spinal  colunms  of  these  ancient  fishes 
foreshadowed  the  reptiles,  birds,  and  mammals  that 
appeared  later  in  the  evolution  of  animal  life,  _ 

The  true  fishes,  witli   the  vertebral  column  largdy.fl 
composed  of  cartilage  instead  of  bone,  and  the  verte- 
brae arranged   like   inverted   cones,  the  apex  of  one 
fitting  into  the  hollow  base  of  the  other,  are  the  evolu- 
tion of  a  later  epoch. 

This  cone-like  arrangement  and  cartilaginous  struc- 
ture of  the  vertebrae  is  a  special  feature  of  the  fishes 
of  the  present  period.  Modern  fislies  have  no  lateral 
movement  of  the  head  upon  the  trunk.  Their  bodies 
are  covered  generally  with  thin  overlapping  scales,  and 
their  vertebrte  are  usually  composed  of  cartilage  in- 
stead of  bone. 

The  Devonian  fishes,  especially  the  later  ones,  that 
attained  a  great  size,   had  bony  vertebras,  and  large 
armour-like  heads,  with  a  more  or  less  free  movement 
on  the  trunk.     This  was  a  feature  more  like  the  reptiles 
than  the  fishes.     Their  scales  were  thick  and  large, 
and  had  the  appearance  as  well  as  the  effect  of  a  coat    ■ 
of  mail.     Their  verlebrse  were  bony  and  distinct.  an^H 
ended  in  the  upper  lobe  of  the  tail,  which  was  a  prf^ 
ouliar   anatomical  trait  of  those   ancient   fishes.     No 
modem  fish  except  the  Shark  has  a  tail  formed  in  this 
way.     The  tails  of  those  ancient  fishes  which  have  the 
spinal  column  end  in  the  upper  lobe  have  been  collect 
heUrocercal  tails.     This  is  a  special  anatomical  feato 
of  the  ancient  fossil  fishes. 

In  the  tails  of  modem  fishes  there  are  usually  t 
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s  of  equal  size,  an  upper  and  a  lower  lobe  fnrmed 
)f  cartilaginous  or  bony  rays,  and  articulated  to  the 
md  of  the  spinal  column,  but  not  a  part  of  it.     These 
have  be«n  called  konuxfrtal  tails. 
In  Fig.  15  we  have  some  of  the  earlier  fonns  of  fossil 

[fishes.     In  Fig.   16  we  have  still  other  fonns,  and  iu 
h  we  see  the  peculiarly  formed  heterocercal  tail. 


-FOSSIL  FISHES  W 


\        

^Bfe  so   dissimilar  from  anything  that  had  appeared 
^before,  and  so  far  in  advance  of  it  in  point  of  struc- 
ture—demands  a  special  study  into  the  anatomical  and 
physiological  changes  that  led  to  its  development. 
We  have  seen  that  the  primitive  cell,  composed  of 
[Dtoplasm,  organized  in  the  course  of  time  a  covering 
X  itself,  a  thin  envelope  or  membrane,  whidi  has  been 
klled  the  cell-membrane 
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This  cell -membrane  very  soon  became  a  very  imp 
ant  structure.  The  vibratile  cilia,  which  formed  \ 
the  simple  cell  and  on  the  groups  of  cells,  like  t 
olynthus,  were  prolongations  of  this  cell-membra 
delicate  processes  that  sensed  to  propel  the  tiny  c 
ure  through  the  water  iti  search  of  food. 

The  cilia  and  tentacles  of  other  animals,  like  tliel 
coral  polyp,  are  developed  from  this  cell-membrane. 

The  early  forms  of  animal  Ufe  owe  their  diversity  of  1 
structure  and  development  into  newer  fonns  to  changes  I 
in  the  growth  and  nutrition  of  this  cell-membrane. 

As  physiological  development  advanced  and  animals  I 
were  propagated  by  building  and  by  the  formation  of  ( 
eggs,  the  cell- membrane  played  a  still  more  important  I 
part. 

In  the  egg.  from  which  all  vertebrates  are  now  propa-l^ 
gated,  this  membrane  underwent  important  modificarS 
tions  in  the  production  of  the  future  animal. 

This  cell-membrane  of  theegg  has  received  in  modern 
times  the  name  of  Blastoderm,  and  during  the  process 
of  embryonic  development,    whether  this  takes  place 
while  the  egg  is  outside  the  body  of  the  parent,  or  J 
while  the  egg  is  inside  the  body  of  the  parent,  the  I 
changes  that  occur  in  the  growth  of  the  blastoderm  J 
lead  to  the  formation  of  all  the  organs  that  enter  inton 
the  complete  structure  of  the  body  of  the  animal. 

The  blastoderm,  whether  it  is  the  simple  membrai 
that  surrounds  the  delicate  primitive  cell,  or  a  number  " 
of  cells,  in  groups  or  masses,  whether  it  belongs  to  the 
order  of  animals  that  develop  entirely  by  external 
growth,  or  whether  it  is  the  enveloping  membrane  of 
the  egg  that  de\-elops  eitiier  within  or  outside  the  body 
of  the  parent,  is  still  the  impwrlant  structure  that  enters 
into  ttie  general  formative  element  of  tissues. 


We  have  seen  that  the  sea-wonns  were  formed  bj- 
a  row  of  cells  attached  lo  each  other  Hke  a  string  of 
t)eads,  the  union  of  the  cells  being  marked  by  a  slight 
depression,  or  circular  furrow.  The  portion  of  the 
cell -membrane  which  came  in  contact  with  that  of 
the  next  cell  was  absorbed,  and  this  left  a  continuous 
tube,  with  an  outside  membrane  marked  by  the  circular 
depressions. 


HE.TE<iaCEilCAL   TAILS. 


We  have  also  seen  that  the  stems  of  the  earliest 
Blg£e  or  sea-weeds  were  formed  in  precisely  the  same 
manner;  both  animal  life  and  plant  life  being  origi- 
lially  formed  by  the  same  primary  cells,  and  in  the 
Baine  simple  manner.  I^ter  development  caused  a 
divergence  into  higher  and  more  complex  animals 
m  one  hand,  and  more  intricate  plants  on  the  other. 

The  marine  worm  was  compelled  to  seek  its  food  in 
tte  sea.  and  tii  consequence  it  acquired  a  propulsive 


76 


Tlie  Evoiulion  of  Life. 


movement  by  au  undulatory  motion  of  its  body.  This 
caused  a  greater  development  of  its  exiernat  parts. 
Tlie  law  of  use  has  always  beeu  a  powerful  factor  in 
the  evolution  of  higher  from  lower  forms  of  life,  and 
it  came  early  into  activity  in  the  progress  of  the 
marine  worm  from  its  simple  to  a  higher  plane  of 
developmeut. 

The  evolution  of  the  primary  fishes  from  the  pre^ 
cedinglowerform— namely,  the  marine  wonn,  follow 
from  necessity  a  simple  and  well-known  physiological 
lav.'  of  development  and  growth. 

The  delicate  membrane  which  surrounded  the  body 
of  the  sea-worm,  under  the  influence  of  the  law  of 
and  the  more  advanced  needs  of  the  animal,  was  thrown 
into  a  series  of  longitudinal  /olds  or  ridges,  because 
swimming  the  membrane  was  increased  in  tliickness 
along  the  lines  of  greatest  resistance,  and  correspond- 
ing furrows  or  depressions  occurred  along  tlie  lines  of 
least  resistance. 

Two   of  these   folds   or   ridges,  running  aloug 
upper  part  of  the  body  of  the  animal,  or  back,  gradu- 
ally increased  in  size  and  Ihickuess,  by  a  slow  upwards 
growth,  and  liecarae  what  were  afterwards  called 
dorsal  plates,  or  neural  arches. 

These  dorsal  plates  gradually  approached  each  other 
along  their  entire  length  and  upper  border,  until  they 
coalesced  and  formed  a  closed  canal  running  longitu- 
dinally along  the  back  of  the  animal.  This  was 
medullary  canal,  or  tlie  neural  canal. 

From  the  cells  which  lined  this  medullary  canal 
formed  the  medullary  cord,  or  spinal  cord,  and  at 
larger  extremity  was  formed  the  encephalon,  or 
At  the  same  time  the  dorsal  plates  were  forming, 
s  formed  on  the  sides  of  the  animal, 


iof 


ir  ridges  ft 
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increased  in  extent  by  the  proliferation  and  growth  of 
additional  cells. 

These  side-folds  soon  assumed  a  double  function. 
The  inner  or  internal  side  developed  into  the  cartila- 
ginous framework  or  ribs,  while  the  outer  side  formed 
the  covering  or  scaly  integument  of  the  newly  devel- 
oped animal. 

These  side-folds  have  been  called  the  ventral  plates, 
or  lateral  folds,  or  abdominal  arches,  and  from  their 
growth  and  by  their  imion  along  the  median  abdomi- 
nal line  they  formed  the  cavity  of  the  abdomen. 

These  processes  were  necessarily  slow  and  gradual, 
but  they  finally  transformed  the  sea-worm  into  a  simple 
vertebrated  fish,  with  a  medullary  canal  and  an  ab- 
dominal cavity. 

After  a  time  a  junction  was  formed  of  the  dorsal 
plates  or  folds  with  the  ventral  plates  or  folds,  and  this 
junction  produced  in  the  interior  of  the  body  of  the 
animal  a  slight  thickening  of  the  membrane  running 
from  one  extremity  to  the  other.  This  thickening 
produced  a  delicate  cord-like  structure. 

This  was  the  chorda  dorsaliSy  the  seat  of  develop- 
ment of  the  ftiture  vertebral  column. 

During  the  process  of  growth  the  chorda  dorsalis 
showed  slight  transverse  markings  in  its  substance. 
These  were  the  outlines  of  the  future  vertebrae.  These 
markings  increased  in  depth  until  they  penetrated  its 
entire  extent,  and  the  chorda  dorsalis  was  thus  subdi- 
vided into  segments  or  pieces  throughout  its  entire 
length.  These  pieces  gradually  developed  into  distinct 
vertebrae,  but  development  progressed  more  rapidly 
in  one  end  than  in  the  other.  In  the  end  destined  for 
the  head  the  first  changes  took  place,  and  development 
went  on  successively  to  the  caudal  extremity.     These 
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segments  of  the  chorda  dorsalis  finally  developed  i 
the  bodies  of  the  bony  vertebrae  by  the  absorption 
lime  from  the  water  and  depositing  it  in  the  soft  < 
tilaginous  segments  of  the  chorda  dorsalis,  until  1 
whole  series  became  a  true  vertebral  columti,  or  spim 
composed  of  bone. 

By  a  contimtation  of  this  same  process  of  g 
and  the  gradual  and  mure  complete  development  of  tlu 
various  plates  or  folds,  the  different  portions  of  t 
body  are  gradually  constructed.  The  skeleton  is 
formed  and  the  scaly  integument  covering  it.  In- 
creased celi-groivth  produces  the  first  organs  of  special 
sense,  the  nerves  and  muscular  tissues,  as  well  as  the 
earliest  development  of  the  organs  of  reproduction. 

As  development  and  growth  progress,  the  tail 
acquires  sufficient  size  and  strength  to  act  as  an  organ 
of  locomotion.  An  intestinal  canal  also  forms,  consist- 
ing at  first  of  a  simple  wide  straight  tul>e.  running 
directly  from  the  moutb  to  the  anus.  This  is  formed  j 
from  the  internal  development  of  cells. 

Afterwards  a  change  takes  place  in  the  external  forttt  J 
of  the  animal.     Fins  make  their  appearance  by  a  pnvfl 
cess  of  budding  or  sprouting  from  t!ie  integument  □ 
the  sides,  hack,  and  ventral  asjx^t.  and  these  serve  a 
additional  locomotorj-  appendages. 

A  nutritious  fluid,  or  blood,  soon  forms  in  the  h 
of  the  new  animal,  and  this  is  purified  by  small  t 
ings  in  the  sides,  to  allow  waste  matters  to  I 
wards,  and  oxygen  from  the  water  to  pass  inwai 
through  a  thin  membrane  by  the  process  of  endot 
and  exosmosis. 

These  small  openings  in  the  sides  of  the  new  a 
— the  fish— are  tlie   first  development  of  those  1 
tetlusy  lufts  called  Btanchiit  or  gills,  ihe  organs  f 
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the  purifying  of  the  blood.  They  are  replaced  in 
the  higher  animals  by  lungs,  or  true  air-breathing 
organs. 

Thus  the  body  of  the  new  animal — ^the  fish — ^is 
formed  by  the  thickening  and  folding,  in  longitudinal 
plates  or  ridges,  of  the  external  cell  membrane  of  the 
marine  worm — a  membrane  which  developes  all  the 
characters  and  powers  of  growth  of  the  blastoderm. 

The  above  changes  in  the  evolution  of  the  fish  from 
the  sea- worm  result  from  the  special  activity  of  growth 
of  particular  parts  of  the  cell-membrane.  If  this  mem- 
brane were  to  simply  increase  everjrwhere  at  a  uniform 
rate,  it  would  become  thicker,  as  well  as  more  exten- 
sive, but  without  any  special  alteration  of  form,  and 
this  is  actually  what  does  happen  in  the  early  evolution 
and  subsequent  development  of  the  trilobites  and  other 
forms  of  crustaceans.  The  external  cell-membrane 
simply  thickens  at  every  point,  and  afterwards  assumes 
its  manifold  shapes  by  the  formation  of  transverse  and 
longitudinal  ridges,  whose  development  is  wholly  con- 
fined to  the  outside  of  the  body  of  the  animal,  the 
inside  retaining  the  character  of  its  soft  parts,  and 
developing  the  internal  organs  from  an  elaborate  pro- 
duction of  cells,  without  any  tendency  to  the  fonnation 
of  bony  tissue. 

It  will  thus  be  readily  understood  that,  during  the 
progress  of  evolution  and  growth,  the  blastoderm  or 
cell-membrane  grows  more  rapidly  at  particular  points 
and  along  certain  lines  than  elsewhere. 

It  is  impossible  always  to  determine  the  cause  of  such 
a  concentration  of  growth,  but  the  result  is  that  the 
blastoderm,  enlarging  with  var>dng  degrees  of  rapidity 
and  in  different  directions,  is  thrown  into  a  series  of 
undulatory  folds  or  ridges,  which  show  by  their  posi- 
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tion  and  si:te  the  unequal  expansion  of  its  mass.     If  it  I 
grow  more  rapidly  at  one  poiut  than  at  another,  it  will  I 
fonn  at  that  spot  either  an  einiuetice  or  depression,  f 
according  as  it  meets  with  less  resistance  above  »■ 
below.     If  a  similar  rapidity  of  growth  should  take  J 
place  in  a   traiisveise  directioTi,   the  result  would  be  1 
a  fold  or  series  of  folds  in  a  transverse  direction.     But 
if  this  rapid  increase  should  take  place  in  an  antero- 
posterior directiou,  it  would  cause  a  longitudinal  fold 
or  series  of  folds  or  ridges. 

The  subsequent  history  of  evolution  and  develop- 
ment shows  continual  repetitions  of  this  process,  and' 
often  on  a  much  larger  scale  than  is  required  for  the 
development  of  our  little  primitive  Devonian  fish  from 
a  sea-wonn. 

The  internal  organs,  the  brain,  heart,  intestinal 
canal,  the  various  glands,  and  mucous  and  serous 
membranes  are  all  formed  in  a  similar  way. 

They  are  at  first  smooth  or  straight ;  they  then  b^ 
come  convoluted  or  folded  during  the  various  stages 
of  growth,  especially  when  their  growth  is  more  rapid 
than  the  surrounding  parts. 

The  cell-membrane  or  blastoderm  of  the  lower  anim 
organisms  is  at  first  apparently  of  uniform  structure 
throughout.  It  presents  an  appearance  of  homogenei^ 
of  texture,  and  its  uses  seem  sufEcieiitly  simple,  yet 
certain  and  particular  parts  have  from  the  very  b^in 
ning  a  physiohgUal  individuali/y  which  leads  to  it 
subsequent  growth  and  development  into  a  i 
organ,  or  a  part  of  an  organ. 

This  is  early  evident  from  the  method  in  which  I] 
local  activity  of  growth,  stimulated  by  nutrition,  giv« 
rise  to  the  appearance  of  folds  or  ridges  nnming  in  C 
tain  definite  directions,  and  detennining  in  this  \ 
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the  future  location  of  the  head,  tail,  and  sides  of  the 
body  of  the  animal. 

Nutrition  plays  an  exceedingly  important  part  in 
the  development  and  growth  of  organs.  It  determines 
largely  the  evolution  of  new  forms  of  life,  and  the 
growth  and  propagation  of  those  new  forms. 

We  can  now  see  very  clearly  how  the  little  marine 
worm,  in  obedience  to  a  law  of  physiological  develop- 
ment, stimulated  by  the  upward  tendency  of  the  force 
of  evolution,  and  the  higher  needs  of  the  animal,  the 
more  favorable  surrounding  conditions,  as  well  as  the 
law  of  use,  was  developed  into  a  crustacean,  and  later 
into  a  simple  fish. 

In  the  crustacean,  the  external  cell-membrane  devel- 
oped almost  wholly  upon  the  outer  side.  It  was 
thrown  into  a  series  of  transverse  ridges,  which  by 
their  growth  became  the  shell  or  crust  of  the  animal. 
This  external  development  continued  through  a  long 
series  of  animal  forms,  and  we  have  the  whole  order  of 
articulates  and  crustaceans  as  a  result  of  this  special 
growth.  In  this  order  of  animals  there  was  no  ten- 
dency to  the  formation  of  bony  tissues.  The  special 
tendency  was  to  develop  an  outer  or  external  resistant 
covering  for  the  protection  of  the  soft  body  of  the 
animal,  and  this,  as  we  have  seen,  was  by  a  thickening 
and  folding,  and  hardening  of  what  was  at  first  a 
delicate  homogeneous  membrane. 

The  variety  of  crustacean  forms  resulted  from  a  more 
advanced  development,  and  a  more  special  need  of  the 
animal,  continued  amid  favorable  surroundings  for  a 
long  period  of  time.  A  variation  of  external  configura- 
tion in  these  animals  results  from  a  greater  activity  of 
growth  in  one  direction  than  in  another.  In  the  fish 
the  development  of  the  external  membrane  soon  led  to 
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a  double  function.  The  folds  or  ridges  were 
tudiual,  and  in  the  process  of  growth,  as  they 
upward  aloug  the  dorsal  median  line  to  form  the  spina! 
canal,  and  as  they  closed  downward  along  the  ventral 
median  line  to  form  the  abdominal  cavity,  they  elabo- 
rated a  special  cell-growth,  which  formed  an  external 
scaly  integument  on  one  hand,  and  the  various  internal 
organs  on  the  other.  A  tendency  was  also  manifested 
for  certain  internal  membranous  structures — the  chorda 
dorsalis — to  absorb  calcareous  matters  from  the  water, 
and  elaborate  them  into  bone,  and  in  this  way  the  bony 
vertebral  column  was  finally  fonned. 

It  is  more  than  probable  that  Va^  first  fishes  were 
formed  in  vast  numbers  in  the  physiological  nianoer 
above  described.  But  as  their  development  reached  a 
higher  stage,  and  a  certain  point  in  completeness,  their 
further  increase  took  place  through  the  production  and 
incubation  of  eggs,  and  this  process  has  continued  to 
our  own  time.  When  the  production  of  the  egg  was 
finally  established,  the  development  of  the  young  ani- 
mal from  it  consisted  of  a  series  of  changes  in  which  the 
different  organs  make  their  appearance  from  modifica- 
tions of  that  same  membranous  structure,  the  blasto- 
derm. Some  of  these  organs  are  temporary',  and  serve 
for  the  growth  of  the  embryo,  and  later  still  for  the 
early  needs  of  the  young  animal  during  a  certain  period 
of  its  existence,  while  others  assume  a  more  permanent 
structure  and  character,  and,  after  passing  throng^ 
various  alterations  of  fonu  and  size,  become  finallfl 
component  parts  of  the  adult  organism.  ^ 

We  shall  see  in  a  subsequent  chapter  that  changes' 
occur  in  a  later  age  in  the  organs  of  locomotion  of  the 
fish,  when  limlis  are  destined  to  replace  the  tail,  and  a 
time  at  last  arrives  when  the  tail  altogether  dif 
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only  as  an  atrophied  or  mdiraentary  organ, 
the  limbs  as  new  locomotorj'  appendages  become 
developed,  and  a  new  form  of  animal  life  comes 
in  the  scene.  Changes  also  occur  when  the  gills  are 
ilaced  by  lungs,  and  the  animal  heretofore  confined  to 
aquatic  mode  of  life  becomes  capable  of  living  on 
id  as  an  air-breathing  animal. 

fogsil  remains  of  these  early  fishes  have  come 
wn  to  u?i,  telling  ns  the  slory  of  their  lives  in  inde- 
structible stone.  We  see  the  delicate  foldings  and 
ridges  and  plates,  as  well  as  the  more  perfectly  devel- 
oped bones,  and  the  naturalist  sees  in  these  parts  the 
whole  history  of  the  evolution  of  the  animal  from  its 
I  pie  primitive  form  to  its  more  complete  organization 

ertebrated  animal. 

From  these  early  and  simple  fishes  were  evolved 

others  of  a  more  complex  structure  and  of  greater  size. 

In  Figs.    15  and    16  we  see  the  various  forms  whose 

il  remains  have  been  so  well  preserved  to  us.     In 

16,  No.  2.  we  see  the  species  known  as  Pterich- 

lys,  with  wing-like  fins,  and  in  this  animal,  which 

already,  in  the  Devonian  age,  half  fish  and  half  rep- 

we  see  very  clearly  the  foreshadowing  of  the  true 

iles,  and  the  wing-like  fins  that  mark  such  animals 

the  penguins  and  steamer-ducks  of  the  present  age. 

In  the  Straits  of  Magellan,  that  narrow  and  tortuous 

Strip  of  water  that  divides  Terra  del  Fuego  from  the 

mainland   of  Patagonia,    I   have  seen  on   the  sandy 

beaches  and  shelving  rocks  great  numbers  of  sea-lions, 

penguins,  and  a  peculiar  diving  bird,  called  "  steamer- 

dnck  "  (Anas  brachyptera ) ,  all  living  together  in  the 

perfect  harmony,  although  so  dissimilar  in  form 

id  appearance. 

I   There  is  a  most  remarkable  similarity  between  the 
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anterior  flippeni  of  the  sea-Hons,  the  scaly  membrai 
fill-like  wings  of  the  peng;uin,  and  the  fin-like 
naked  wings  of  the  steamer-duck.  They  are  all 
breatliing  animals,  but  are  aquatic  in  their  habits, 
are  exceedingly  expert  swimmers  and  divers 
motion  on  land  is  labored  and  awkward,  but 
in  the  water,  and  they  can  dive  rapidly,  and  .swim  fin- 
long  distances  beneath  its  surface  before  rising  to 
breathe.  In  each  of  these  animals  the  anterior  limb  is 
a  fin-like  paddle,  and  is  used  solely  as  an  organ  of  pro- 
piUsion  in  the  water.  Neither  the  penguin  nor  the 
steamer-duck  have  the  least  power  of  aerial  flight.  It 
has  been  said  that  the  penguin  sometimes  uses  its 
paddle-like  wings  to  aid  it  in  walking  on  land,  like  a 
quadruped  "on  all  fours,"  but  I  have  never  observed 
this,  although  I  have  watched  them  closely.  In  each 
of  these  animals  the  radius  and  ulna,  and  the  carpal 
bones,  are  more  or  less  con-«Udated,  and  with  the 
metacarpals  and  phalanges  are  concealed  in  a  thick, 
webbed,  scaly  integument,  which  gi\-es  them  the 
character  of  a  fin  or  paddle.  In  the  pterichthj-s, 
as  shown  in  Fig,  ifi,  No,  2,  we  see  a  wing-like  fin, 
and  in  a  later  age  we  see  the  same  kind  of  fin  in  th«' 
Plesiosaurus,  a  species  of  reptile  that  flourished 
greatly  in  the  age  of  reptiles.  It  would  seem  that  the 
same  kind  of  limb — the  fin-like  paddle — had  been  trans- 
mitted from  thase  past  gu-ological  ages  to  our  own  time, 
and  this  peculiar  form  of  fiu-like  structure  is  a  partial 
development  in  the  first  instance,  and  an  arrest  of  de- 
velopment at  that  special  point,  and  along  that  special 
line  of  animal  evolution. 

In  Fig.  16,  No.  3,  we  have  what  seems  a  st 
form  to  us,  the  Cephalaspts,  a  fish  with  a  large 
able  head,  strong  spinal  column,  atid  thick  rib& 
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animal  is  quite  reptilian  in  character,  and  poiuts  clearly 
to  the  true  reptiles  that  appeared  in  a  succeediug  age. 

All  these  six  varieties  of  Devonian  fishes  shown  in 
Figs.  15  and  16  are  doubtless  derived  from  one.  The 
differences  in  size  and  fonn  are  due  to  a  more  elaborate 
and  more  perfect  development  and  growth,  continued 
through  great  periods  of  time. 

Another  fish  of  the  Devonian  age  was  the  Gar-pike, 
a  long,    slender-bodied  fish,  with    powerful  jaws  and 
teeth,  and  the  armor- like  scales  so  characteristic  of  tfat^^ 
ancient  fishes.  fl 

This  species  is  preserved  to  our  own  time.  One  (^  ■ 
the  most  interesting  varieties  is  found  in  large  numbers 
in  the  wann  seas  near  tlie  island  of  St.  Helena.  I  ha\'e 
seen  them  sporting  in  the  waters  near  that  island,  and 
they  still  retain  the  jaws  and  teeth  and  the  shining 
scales  of  their  remote  ancestors.  They  are  fearless  and 
predatory  as  their  remote  prototypes  undoubtedly  were. 
While  in  an  open  boat  near  the  shore,  I  have  placed 
a  piece  of  wood  on  the  surface  of  the  water,  and  as  soon 
as  they  saw  it  they  woidd  approach  close  to  it,  leap 
over  it,  and  swim  round  to  repeat  the  same  manceuvre_j 
over  and  over  again. 

They  reach  a  leugtli  of  from  eight  to  fourteen  inche^l 
and  are  very  plentiful  in  tropical  seas. 

The  plan  of  construction  of  these  varieties  of  1 
nian  fishes  is  practically  the  same.  In  each  the  distin-" 
guishiug  feature — the  vertebral  column — is  fashioned 
upon  the  same  model — constructed  upon  the  same 
pattern.  There  is  a  variation  of  detail,  but  the  tend- 
ency is  to  assume  a  greater  degree  of  development  i 
point  of  structure  and  size. 

The  landscape  of  the  Devonian  period  showed  i 
tendency  to  a  greater   de\'eIopment  of  plant  life. 
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B^g.  17   we  ha\'e  an  ideal  view  of  the  land  and  the 
lilts  then  in  existence. 

It  will  be  seen  that  the  plants  were  still  of  a  simple 
character,  and  the  varieties  were  few  in  number,  Ttie 
early  algs  or  sea-weeds,  which  were  first  formeil  by  a 
rowof  single  cells,  andgrewbyiiltachiugtliemselves  to 
fDcks  in  the  l)ed  of  the  sea,  were  of  a  very  simple  and 
lowly  character.    They  de^-eloped  slowly  by  the  pr<>cess 


riQ.  18,— EAflLY  AQUATIC  PLAKTS. 

of  growth,  and  gradually  assumed  higher  capabilities 
a  more  elaborate  development.  Their  early  in- 
crease was  due  to  budding,  and  as  the  sea  grew  more 
shallow,  and  the  detritus  of  erosion  was  spread  out  on 
its  floor,  it  fonued  a  more  favorable  habitat  for  the  in- 
crease of  plant  life. 

In  Fig.  18  we  see  three  fiimis  of  tliese  simple  early 
aquatic  plants,    but  there  is  a   stmng  tendency,  even 
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thus  early  in  tlie  history  of  plant  life,  to  develop  into  ■ 
higher  and  more  complex  growth. 

In  all  these  forms  we  can  see  plainly  outlined  the 
land  plants  that  appeared  at  a  subsequent  epoch.  The 
crinoids  also  increased  in  size  and  complexity. 

In  Fig.  19  we  see  one  of  these  beautiful  crinoids  or 
stsne-lilies,  and  we  notice  a  considerable  advance  in 
intricacy  of  structure. 

In  this  variety  of  crinoid  animal  the  diverging  rays 
or  branches  plainly  foreshadow  the  plant.  Animal  life 
at  this  period  runs  side  by  side  with  plant  life. 

The  crinoids  fomi  an  interesting  group,  for  on  one 
hand  they  point  to  plant  life,  and  on  the  other  to  a 
greater  variety  of  animal  forms.  The  varying  shapes 
they  assumed  in  the  successive  geological  periods  are 
particularly  instructive.  These  older  crinoids  combined 
characters  thai  foreshadowed  the  advent  of  the  true 
star-fishes  and  the  sea-urchins  of  the  type  of  the  radi- 
ates ;  and  so  prominently  weretheirpropheticcharacteraj 
developed  that  they  are  frequently  mistaken  for  staZM.fl 
fishes  and  sea-urcliins. 

They  gradually  dwindled  in  number  and  variety 
until  they  are  at  present  represented  only  by  the 
Pentacrinus  and  the  comatula  which  are  found  near 
Porto  Rico  in  the  We.'^t  Indies. 

The  modem  pentacrinus  closely  resembles  the  andentfl 
crinoids  (Fig.  19).  ■ 

The  coniatiilas  are  more  delicate  in  structure,  a 
modem  variety  being  found  on  our  own  coast  near 
South  Carolina,  lis  peculiar  radiate  character  is  well 
shown  in  our  museums, 

This  animal  is  sometimes  called  the  Feathei>Sl 
fi'om  its  fancied  resemblance  to  a  feather.  On 
side  of  the  anns  are  little  beards  or  rays  which  give 
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t  the  appearance  of  a  feather ; 
D  the  other  is  the  tough  skin  or 
"integument,  and  in  the  centre  of 
the  disk  are  the  mouth  and  anus. 
The  comatula  has  a  stem  onlj' 
in  the  early  stages  of  its  growth. 
As  development  advances  it  drops 
from  the  stem,  and  throughout 
adu]t  life  it  leads  a  free  and  inde- 
peodent  existence,  roving  ahout 
at  will  in  the  shallow  seas  that 
bathe  our  coasbi. 

It  has  been  stated  that  in  the 
early  or  Lower  Devonian  age. 
some  of  the  great  limestone  for- 
tations  of  tlie  earth  had  their 
rigin.  These  extensive  linie- 
pere  largely  composed  of 
reefs  formed  by  the  little 
limals  known  as  reef-building 
liberals.  It  is  a  well-knowi]  fact 
that  the  true  reef  builders  can- 
not exist  in  the  present  age  ex- 
cept in  warm  tropical  seas  and 
in  waters  of  moderate  depth,  A 
temperature  of  from  68  "  to  86  "  F. 
is  required,  and  a  mean  depth  of 
Rabout  fifteen  fathoms,  or  ninety 
set,  must  not  be  exceeded.  Be- 
V  that  depth  the  waters  are  too 
Did  for  the  delicate  reef-building 
ral  animals  to  grow.  These 
(arm  seas  and  favorable  con- 
UtJous   prevailed    in    the    Lower 
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Devonian  agt— a  uniformly  warm  temperature  and 
a  shallow  sea.  As  the  water  held  in  solution  large 
quantities  of  lime,  tlie  conditions  were  exceedingly 
favorable  for  the  growth  of  the  coral  animal  and  the 
formation  of  extensive  coral  reef^,  hence  tlie  great 
extent  of  these  reefs  in  the  early  Devouiau  age.  Thi.- 
true  reef-building  corals  are  of  several  varieties,  and 
of  different  forms,  living  at  different  depths  of  the 
water.  Those  that  live  at  the  lowest  depths  and  build 
the  foniidations  of  the  reefs  are  called  Astraeans,  or 
Star-shaped  Corals.  They  build  up  the  reefs  from 
the  lowest  depths  at  which  they  can  flonrish,  about 
ninety  feet,  to  within  about  six  feet  of  the  surface. 
Here  the  pressure  of  the  water  becomes  less,  and  their 
activity  ceases.     But  they  give  place  to  a  new  variety 


of  animal,  the  Meandrinas  or  Brain  Corals,  and  the' 
Pontes,  who  continue  the  work  of  constructing  these 
vast  and  massive  reefs  to  nearly  the  surface  of  the 
water.     These  also  have  their  bounds  within  the  s 


They  in  their  turn  reach  the  limit  beyoiitl  which  they 
are  forbidden  by  the  laws  of  their  nature  to  pass,  and 
at  that  point  they  must  pause.     Tht  corai  wall,  how- 


,  coutinues  its  steady  progress  and  growth,  for 
e  another  variety  of  animal  comes  into  activity,  the 
Madrepores  and  the  Millepores,  besides  a  variety 
of  Sea-fans  and  Corallines. 

These  important  coral -reef-bnildiug  animals,  the 
astrjeans.  the  meandrinas,  the  madrepores,  and  the 
millepores  are  well  shown  in  Figs,  so,  21.  22,  23. 

They  are  the  little  creatures  whose  delicate  bo<lies 
have  turned  into  stone  and  formed  the  immense  and 
solid  reefs  so  extensively  seen  over  vast  areas  of  the 
e  of  the  earth. 
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The  coral  animals  belong  to  the  order  of  radiates. 
Their  radiate  structure  is  preserved  throughout  all  the 
varieties.  The  minute  anatomy  and  the  internal 
structure  of  these  animals  are  very  interesting.  The 
soft  body  is  composed  of  a  mass  of  cells,  and  is  of  a 
more  or  less  cylindrical  shape.  The  body  is  divided 
by  vertical  septa  or  partitions  from  top  to  base,  leaving 
open  spaces  or  chatubers  between.  In  the  centre  is  an 
open  space,  the  digestive  cavity,  which  connects  by  an 
opening  at  the  base  with  all  the  chambers.  At  the  top 
is  an  aperture  which  serves  for  a  mouth,  and  around 
this  is  a  wreath  of  hollow  tentacles,  each  one  of  which 
connects  at  its  base  with  one  of  the  chambers,  so  that 
all  parts  of  the  animal  freely  commmiicate  with  each 
other.  This  little  creature  has  tlie  power  to  absorb 
and  assimilate  for  its  own  use  matters  in  tlie  water 
about  it,  and  it  posses.ses  a  remarkable  energy  in  ab- 
sorbing lime  from  the  sea  water  in  which  it  lives. 

The  coral  animal  reaches  maturity  soon  after  birth, 
and  then  at  once  establishes  itself  on  a  firm  foun- 
dation where  the  depth  of  the  water  is  suited  to  its 
needs.  Here  a  double  fiinction  immediately  springs 
into  activity — namely,  propagation,  and  the  absorption 
of  lime.  Ver>-  soon  it  begins  to  absorb  lime  from  the 
sea  water  and  deposit  it  in  the  soft  walls  of  its  Ixxly, 
and  in  time  the  whole  body  becomes  as  hard  as  stone, 
except  the  stomach  and  the  wreath  of  wavy  tentacles 
about  its  upper  border.  When  the  Vidy  has  turned  to 
stone  the  stomach  decomposes,  and  the  tentacles  drop 
off  and  disappear.  The  animal  is  now  dead,  but  his 
hard  stony  body  becomes  a  permanent  part  of  the  coral 
reef  upon  which  it  grew, 

As  soon  as  the  little  coral  animal  firsi  attaches  itself 
solidly  to  the  ground  of  tlie  sea  lx;d,  and  before  it  be- 
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gins  to  absorb  lime,  it  begins  to  hud  from  the  top  of  its 
body,  from  its  base  and  sides,  until  it  is  surrouiided  by 
a  tiiunber  of  tiny  individuals  like  itself.  These  in  their 
turn  begin   to  bud,  surrounding   tliemselves  with  a 


merous  progeny,  but  all  remain  attached  to  the 
parent  coral.  In  this  way  the  community  increases 
by  niiUions. 

Besides  the  pr<Kess  of  budding,  the  coral  animal  in- 
s  by  giving  birth  to  eggs.     Tliese  eggs  are  formed 


The  Evolution  of  Life. 


94 


in  the  body  of  the  animal,  and  are  carried  in  great 
nunil>era  on  the  inner  edges  of  the  partition  walls.  It 
is  probable  that  these  eggs  are  formed  by  a  process  of 
budding  of  the  partition  walls  inside  llie  animal,  as  the 
bnds  proper  form  on  the  ouhide  of  the  body  of  the  animal. 

The  eggs,  however,  wjon  become  detached  from  the 
partition  wails  and  drop  into  the  sea,  where  they  float 
about  as  little  soft,  tran.sparent,  pear-shaped  bodies 
or  cells,  with  an  exceedingly  deHcate  and  thin  cell- 
membrane. 

This  cell -membrane  soon  pushes  out  little  fine  pro- 
longations of  itself  which  develop  into  cilia,  and  by  the 
rapid  motion  of  these  the  egg,  or  cell,  is  able  to  swim 
about  freely  in  the  sea.  The  special  activity  or  blasto- 
dermic character  of  this  cell-membrane  is  early  mani- 
fested. 

By  and  by  they  find  a  congenial  spot  on  which  to 
eslabli.sh  themselves  when  thej'  l^ecome  attached  to  the 
ground  by  a  part  of  their  cilia.  This  becomes  the 
base.  The  rest  of  the  cilia,  no  longer  needed,  drop  ofi". 
A  depression  takes  place  in  the  upper  part,  which 
gradually  deepens  to  form  a  mouth  and  iimer  cavitj', 
while  the  upper  edge  expands  into  points  to  form  the 
tentacles.  The  productive  life  of  the  new  animal  then 
begins.  It  buds  nt  everj-  part  on  the  outside  to  fonn 
new  individuals,  while  eggs  are  pnxluced  on  the  inside 
to  increase  the  new  community.  It  then  absorbs  lime 
and  deposits  it  in  the  soft  tissnes  of  its  body  until  at 
last  it  turns  to  stone  and  dies. 

Both  buds  and  eggs  are  produced  by  millions  by  the 
parent  coral  animal,  which  in  tlieir  turn  produce  niil- 
lions  more,  and  in  this  manner  the  solid  coral  reefs  are 
permanently  built  up,  and  in  the  course  of  time  assume 
the  vast  dimensions  that  we  now  see. 


The  astreeans,  the  meandrinas,  the  madrepores,  the 
millepores,  and  the  sea-fans  are  all  varieties  of  the 
coral  animal.  While  some  can  only  live  and  flnurish 
at  the  lowest  coral  building  point,  nameli',  at  about 
fifteen  fathoms,  others  delight  in  more  shallow  seas. 
but  all  pursue  nearly  the  same  method  of  propagation 
^_fUid  growth,  and  all  finally  change  to  stony  hardness 
^^■od  death,  and  become  a  permanent  part  of  the  coral 

^^r  FIQ    ff3.— MILLEPOREOOBftLfMILLETOnAi. 

reef.  The  beautiful  forms  of  coral  shown  in  Figs.  20  to 
23,  and  seen  in  some  of  our  noble  museums,  are  the 
lalmrof  the  delicate  little  coral  animal  carried  oil  cither 
in  the  deeper  quiet  seas,  or  near  the  surface,  amid 
the  ceaseless  roar  of  the  restless  surf. 

The  varieties  in  form  of  corals  are  due  to  a  variety  in 
shape  of  the  body  of  the  animal,  some  producing  the 
a&ttaeans.  others  the  meandrin^is,  the  madrepores,  or  the 
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millepores.  The  ancient  Devonian  coral  reefs  were 
formed  by  the  same  kind  of  coral-huilding  animals  as 
those  now  found  in  the  tropical  waters  of  the  Pacific 
Ocean. 

Au  excellent  display  of  the  old  fossil  coral  reef  of 
the  Devonian  age  is  found  at  the  falls  of  the  Ohio  River 
near  Louisville.  Ky.  When  that  locality  formed  the 
southerly  border  of  the  bow-shaped  primaiy  uplift  of 
land  in  the  Azoic  period,  and  was  washed  by  the  waters 
of  that  ancient  sea,  these  little  coral  animals  built  up 
that  extensive  reef  lu  the  manner  we  have  described, 
and  left  it  as  a  penuaneut  record  of  their  long  and 
patient  labor. 

If  we  compare  the  olyiithus  with  the  sea-anemone, 
the  coral-polyp,  and  the  crinoid,  we  shall  see  a  striking 
similarity  of  structure  and  form  among  them.  Each 
was  a  mass  of  individual  cells,  of  the  same  character 
aipositioti.  Each  assumed  a  special  activity,  a 
physiological  individuality,  and  a  peculiar  power  in  the 
cells  for  each  to  do  a  particular  thing.  One  group  {the 
t»lynthus)  by  virtue  of  this  special  acti\'ity,  developed 
into  the  sponge,  another  group  developed  into  tlie  sea- 
lily,  another  into  the  sea-anemone,  and  still  another 
into  the  coral-polyp. 

Each  followed  the  same  pattern,  the  type  of  the  radi- 
ate, and  while  a  divergence  of  species  and  of  fimctiou 
ensued,  the  radiate  type  was  preserved  among  them  all. 
A  still  further  modification  of  form  ensued  in  the  star- 
fishes and  the  echinoderms. 

From  a  simple  origin  and  a  homogeneity  of  compo- 
sition these  varying  animal  forms,  through  the  influence 
of  the  cells  having  an  aptitude  to  do  a  certain  special 
labor,  were  evolved. 

The   Devonian  age   saw  the  evolution  of  fishes,  ■ 
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coral-building  animals  and  of  a  lowly  organized  species 
of  land  plant.  It  was  an  age  of  vast  length,  for  the 
evolution  of  a  vertebraled  fish  from  an  invertebrated 


^WOTm  required  a  long  period  of  time.     The  final 
ment  of  the  great  predatory  shark-like  fishes, 
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from  the  earlier  forms,  was  a  slow  and  gradual  process, 
and  required  long  ages  for  its  accomplishment. 

The  fomiatioii  of  the  immense  coral  reefs  in  the 
lower  Devonian  age,  by  the  slow  and  patient  labor  of 
so  many  myriads  of  coral-polyps,  required  enormous 
lapses  of  time.  Those  vast  solid  coral  reefs  grew 
through  the  patient  labor  of  countless  ages.  The 
sandstone  formations  of  the  upper  Devonian  age  also 
required  countless  ages.  A  good  idea  of  the  great 
length  of  this  period  may  be  formed  by  examining  a 
deep  chasm  in  the  sandstone  rocks  near  Ithaca  in  New 
York  State,  known  as  Watkins  Glen. 

In  Fig.  24  we  see  a  chasm  varying  in  depth  from 
one  liundred  to  one  hundred  and  fifty  feet,  which  has 
been  cut  through  the  solid  sandstone  rock  by  the 
eroding  action  of  running  water.  The  sandstone 
through  which  this  deep  chasm  passes  was  originally 
eroded  by  rain  falling  upon  the  higher  levels  of  the 
Laurentian  Hills,  washing  them  down  as  fine  sandy 
materials,  and  spreading  them  out  on  the  floor  of  the 
sea,  where  they  attained  a  thickness  in  some  places  of 
two  hundred  feet.  This  gradually  hardened  into  a  bed 
of  finu  sandstone.  Later  this  bed  was  raised  abo\'e  the 
sea  by  an  uplift,  and  became  dry  land.  The  rains  ran 
over  its  surface,  and  by  slow  degrees  wore  away  a  chan- 
nel nearly  along  its  central  part.  This  slowly  deep- 
ened and  widened  until  it  formed  the  curiously  carved 
and  tortuous  chasm  as  we  now  see  it.  MlTien  we  real- 
ize how  exceedingly  slow  these  different  processes 
were,  we  can  gain  a  clear  idea  of  the  prodigious  length 
of  time  required  to  complete  a  labor  of  such  stupendous 
magnitude. 

When  the  Devonian  age  closed — an  age  whose  prog- 
ress must  be  marked  by  the  flight  of  millions  of  a 
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the  earth  had  made  vast  strides  towards  becoming  the 
fitting  habitat  of  a  higher  grade  of  both  animal  and 
plant  life. 

One  g^reat  step  had  been  taken  in  the  upward  path 
of  progress — ^namely,  the  evolution  of  the  vertebrates. 

Having  once  established  this  great  order  of  the  ver- 
tebrates by  the  simple  and  now  well  understood  physi- 
ological law  of  evolution,  all  of  the  rest  of  the  order 
follows  reg^ularly  and  sequentially  upon  the  same  gen- 
eral plan. 

This  physiological  law  of  evolution,  development, 
and  growth  was  the  result  of  an  ever  upward  tendency 
in  the  animal  scale,  and  the  activity  of  special  parts 
and  special  organs  to  do  a  special  thing,  stimulated  by 
an  abundant  nutrition  in  a  congenial  habitat. 
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CHAPTER  V. 


BROUSM 


THE   PALEOZOIC   AOE:— THE   CARBONIFEROUS 

PERIOD.      AGE   OF  COAL  PLANTS  AND 

OF    EARLY    REPTILES. 

Subdiviaious  of  tlie  Carboniferous  period — Formation  of  islands 
^Shallow  sens  —  Shaiks  —  Lowly  plants  —  Marshes — In- 
crease of  land  areas^Deposila  of  coal — Great  forests 
Iheir  uses — Mollusks — Wave-tnarlts — Footprints  of  SauiO>.: 
puB  primsvus — Fossil  saarian  bones. 


At  the  close  of  the  long  Devonian  age,  we  find  the 
terrestrial  landscape  somewhat  changed.  Extensive 
and  widespreading  marshes  stretched  away  in  vast 
distances  in  a  monotonous  level.  The  shallow  sea  wa.s 
dotted  with  numerous  islands  and  covered  a  consider- 
able portion  of  the  still  submerged  continents.  The 
land  was  increased  in  extent  by  these  islands — an  archi- 
pelago of  newly  uplifted  isles,  which  were  scattered 
here  and  there  over  a  widespread  area,  and  also  by  the 
filling  up  of  the  superficial  seas,  adjacent  to  tlie  coast 
line,  by  the  erosion  and  washing  down  of  the  higher 
summits  of  the  hills  through  the  influence  of  long-con- 
tinued rains. 

The  sea  was  largely  tenanted  by  shark-like  and 
predatory  fishes.  Many  of  them  were  of  great  size,  and 
of  a  shajie  at  present  unknown.  The  coral  animals  too 
made  the  seas  still  more  shallow  by  the  building  up  of 
extensive  coral  reefs,  The  \-egetation  was  still  simple 
in  character,  but  it  was  destined  to  1>e  soon  replaced 
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by  a  higher  order  of  plant  growth  that  was  about  to 
spring  into  activity. 
Geologists  have  divided  the  Carboniferous  age  into 
k  three  periods,  as  follows  : 

1.  Subcarboniferous. 

2.  Carboniferous. 

3.  Permian. 
An  earlier  and  a  later  Carboniferous  epoch  is  a  con- 

veujcnt  designation  in  treating  of  the  changes  that 
occurred  in  the  land  and  the  increase  of  terrestrial 
vegetation.  There  was  a  marked  increase  in  the 
extent  of  dry  lajid.  The  still  submerged  southern  part 
of  the  continent  underwent  many  changes.  Points 
here  and  there  were  raised  above  the  sea-level,  forming 
numerous  islands,  with  more  or  less  shallow  intervening 
waters,  which  were  destined  later  to  become  marshes, 
and  afterwards  dry  laud.  This  fomtation  of  extensive 
marshes  had  an  important  influence  in  the  evolution 
of  reptilian  forms  of  life.  Here  we  see  the  influence 
exerted  upon  the  evolution  of  auimal  life  by  the  forma- 
tion of  extensive  tracts  of  marshy  land.  A  fish  is 
slowly  transmuted  to  a  reptile. 

The  earth  thus  far  in  its  zoological  history  was  the 
habitat  of  marine  animals  only.     All  of  them— the 

^ worms,    sponges,    mollusks,    polyps,    radiates,    articu- 
lates, and    the  vertebrates  were  denizens  of  the   sea. 
The  few  plants  that  existed  were  algae  or  sea-weeds, 
except  a  few  lowly  forms  of  shrub-like  plants  that  grew 
out  of  the  rocks  near  the  waters. 
These  early  plants  were  of  cell-origin,  and  ver>'  soon 
I  set  out  on  a  line  that  separated  itself  and  diverged  from 
Ehe  line  that  marked  the  development  of  animal  life. 
As  in  animal  life  the  cdl  assumed  a  tendency  to  do  a 
aiu  special  kind  of  lalwr,  to  become  a  living  organ- 
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ism  with  an  ultimate  independent  mode  of  existence 

and  migratory  habits,  so  in  plant  life  the  cell  assumed 
a  tendency  to  do  a  certain  special  kind  of  labor,  and  to 
become  a  living  organism  with  a  fixed  and  nearly 
stationary  mode  of  existence. 

In  the  cell  that  de\'eloped  into  animal  life  there 
sprang  into  activity  a  vitality,  accompanied  by  sensation 
and  motion.  In  the  cell  that  developed  into  plant  life, 
vitality  sprang  into  existence,  but  without  either 
sensation  or  motion. 

The  animal  cell  manifested  a  tendency,  through  cer- 
tain changes  in  its  cell -membrane,  to  elaborate  organs 
of  special  sense  and  organs  specially  adapted  for  loco- 
motion. The  plant  cell  manifested  a  tendency,  through 
certain  changes  in  its  cell-membrane  of  a  different  char- 
acter, to  elaborate  ligneous  fibre  and  fohage,  which 
were  to  act  as  special  organs  of  growth. 

The  ho.sts  of  marine  animals  found  sufficient  food  in 
the  sea  for  their  nourishment.  They  preyed  largely 
upon  each  other  besides.  As  plant  life  increased  in 
complexity  and  variety,  and  became  fit  to  nourish  ani- 
mal life,  a  new  form  of  animal  life  was  possible,  and  it 
appeared  later.  Higher  plant  life  influenced  the  de- 
velopment of  higher  animal  life.  Plant  life  in  the 
Carboniferous  age  found  a  congenial  habitat,  and  it 
increased  rapidly  under  the  favoring  conditions  then 
existing.  The  niunerous  low  islands  and  the  shallow 
seas  of  fresh  water  gave  abundant  ground  upon  which 
plants  could  grow.  The  washing  down  of  sand  and 
mud  still  further  increased  the  extent  of  the  ground. 
The  uniformly  warm  atmosphere,  the  sunlight,  and 
the  copious  rains  produced  conditions  that  were  ex- 
ceedingly favorable  to  the  rapid  growth  of  vegetable 
hffc. 
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We  find  the  vegetation  of  that  age  of  a  light  cellular 
character,  of  tlie  kind  to  grow  and  mature  rapidly,  and 
not  of  the  hard,  solid,  compact  character  of  most  of  the 
trees  of  our  own  time. 


The  Carboniferous  fnrcsls  rejoicud  i;i  trees  of  a  J 
culiar  light  porous  or  celhtlar  kind.     In  Fig.  25  we  see^ 
a  beautiful  form  of  tree  fern,  which  grew  abundantly 
at  that  time  and  flourished  iu  vast  immbera. 
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The  peculiar  graceful,  palm-like  character  of  these 
ancieut  tree  ferns  is  worthy  of  notice.  In  many  of  the 
modem  palms  of  Brazil  we  see  a  close  resemblance  to 
these  ancient  types. 

By  way  of  comparison,  I  have  given  in  Figs.  26  and 
37  two  forms  of  palm  1  saw  many  times  and  in  great 
numbers  in  Brazil. 

That  in  Fig.  26,  the  Fan  Baccaba,  I  have  seen  grow- 
ing in  Pard.  along  the  banks  of  the  Amazon  River, 
and  as  far  south  as  Pernambuco.  While  it  is  a  true  palm, 
and  differs  in  many  important  respects  from  the  ancient 
tree  ferns,  it  has  many  characters  in  common  with  them. 

The  palm  shown  in  Fig,  27  is  the  Oreodoxa  Oleracea, 
and  the  cut  represents  a  view  of  the  Alley  of  Palms  in 
the  celebrated  Botanical  Gardens  of  Rio  de  Janeiro. 

These  gracefitl  and  beautifiil  palms  rise  to  a  height 
of  eighty  feet,  the  dense  green  tufty  tops  meeting  in  a 
thick  aich  overhead,  and  springing  from  a  smooth 
trunk  as  straight  as  an  arrow.  I  have  never  seen 
in  any  part  of  the  tropical  world  so  wonderful  a  dis- 
play of  palms  as  exist  in  this  famous  garden. 

Another  form  of  palm  which  I  saw  in  Brazil  is  the 
solitary  and  rather  rare,  but  very  beautiful,  Cocoeiro 
palm.  This  rises  in  a  heavy  straight  stem  to  a  height 
of  more  than  eighty  feet,  and  is  surmounted  by  a  tuft 
of  broad  green  brauches,  which  give  it  an  exceedingly 
graceful  and  majestic  appearance.  This  superb  palm 
gives  a  beauty  and  a  tiignity  to  the  landscape  which 
we  can  hardly  appreciate  in  our  temperate  zone.  It  is 
well  shown  in  Fig.  z8. 

Among  modem  palms  the  most  important  and  char- 
acteristic are  tlie  cocoa-nut  palm  (Cocoa  nucifera),  the 
sago  palm  (Sagiis  Rumpkii),  and  the  date-palm  (Pha- 
nix  dadylifera).     A   species  of  palm,   the  pj 
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grows  in  our  own  country  from  South  Carolina  to 
Florida,  and  with  this  exception  all  the  othere  are 
natives  of  the  torrid  zone. 

None  of  the  ancient  trees  of  the  Carboniferous  age 
produced  fruits,  while  their  modem  successors,  the 
palms,  are  many  of  them  fniit-beaiing.  Thus  the 
date-palm  of  Fezzan  arid  Barbary  furnish  the  iiatire 
tril>es  with  a  large  part  of  their  daily  sustenance.  The 
sweet  and  nutritious  fruit — the  date — is  dried,  and  with 
a  bag  of  these,  and  a  skin  of  water,  the  native  sets  out 
on  a  long  journey  across  the  sandy  and  burning  deserts, 
and  feeds  alike  himself,  his  camel,  his  horse,  and  his 
dog  for  many  days,  with  no  other  form  of  food. 

The  cocoa-nut  palm  is  perhaps  the  most  useful  tree 
in  the  world.  Its  wood,  which  is  called  porcupine 
wood,  is  susceptible  of  a  high  polish.  The  tough 
fibres  of  the  outer  covering  of  the  fniit  are  made  into 
mats  and  floor-matting,  cordage  and  brashes,  Tlie 
shell  of  the  nut  makes  convenient  bowls  and  dippers, 
The  milk  contained  in  the  nut  is  sweet  and  delicious, 
while  tlie  kernel,  when  it  is  in  a  soft  and  albuminous 
state,  is  agreeable  and  wholesome.  A  sweet  and  pleas- 
ant sap  flows  freely  from  the  wounded  spadix,  as  much 
as  a  quart  a  day  for  two  or  three  months,  and  this  when 
partially  evaporated  by  boiling  yields  a  very  good 
sugar.  The  fermented  sap  makes  a  wine,  and,  if  dis- 
tilled, yields  a  sort  of  spirit,  called  arrack.  The  leaves 
make  thatch  for  dwelhngs,  and  are  made  into  hats, 
baskets  and  even  paper.  Fences  and  houses  are  built 
from  its  wood,  and  the  ashes  yield  potash. 

Among  the  ancient  trees  flourished  also  the  catamites, 
which  so  strongly  resemble  our  modem  fir  and  spruce. 

Another  variety  which  closely  resembled  the  cala- 
mites  was  the  sphenophyllum  (Fig,  30). 
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The  lepidodendroiis  grew  in  great  numbers  in  those 
early  Carboniferous  forests,  and  were  quite  unlike  any 
of  tlie  modern  forest  trees  with  which  our  eyes  are 
familiar. 

In  that  age  a  tree  closely  resembling  our  modem 
palms  lived  and  flourished  luxuriantly. 

In  the  ideal  view  of  a  Carboniferous  forest  of  the  coal 
period  we  see  several  varieties  of  these  great  forms  of 
plant  life  as  they  must  have  appeared  in  that  remote  age. 

All  these  ancient  trees  grew  rapidly  under  the  com-  _ 
bined  influences  of  torrid  heat,  strong  sunlight,  audi 
copious  rains.  I 

It  was  an  instance  of  an  enormous  increase  of  cell-l 
growth  in  plants  under  the  favorable  conditions  of  s<nlf  fl 
of  sunlight,  of  heat,  and  abundant  moisture. 

Besides  these  trees  of  great  size  there  were  many  low 
feni-like  shrubs  that  completed,  as  it  were,  the  forest 
landscape. 

Tlie  immense  forest  g^rowths  of  the  Carboniferous  age 
had  a  threefold  influence. 

First,  they  cleared  the  atmosphere  of  any  remaining 
traces  of  carbonic-acid  gas,  for  after  a  certain  portion  of 
this  gas  had  been  absorbed  by  the  waters  of  the  sea 
there  still  remained  in  the  atmasphere  a  considerable 
quantity  that  was  incapable  of  such  absorption.  This 
was  elaborated  into  plant  tissue  through  the  influence 
and  agency  of  plant  foliage.  The  leaves  of  plants  have 
the  power  of  absorbing  this  gas,  which  is  unfit  for  res- 
piration, and  storing  it  up  in  their  tissues.  In  thb 
way  the  atmosphere  is  rendered  clearer  and  purer,  and 
the  deleterious  gas  is  made  to  act  as  another  element  of 
growth  upon  plant  tissues. 

Secondly,  these  great  forests  with  their  lesser  veg« 
tiou  became,  through  a  peculiar  chemical  influence,  t 
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vast  beds  of  coal  that  are  now  so  indispensable  to 
industries  and  ciWlizations  of  the  world.  These  foi 
trees  grew,  matured,  aiid  fell,  to  give  way  to  new 
successive  growths,  and  so  on  during  vast 
time.  Great  masses  of  these  tree-trunks  and  shi 
which  were  the  slow  growth  and  accumulations  of 
were  buried  and  became  changed  in  their  chai 
They  lost  some  of  their  ligneous  mnstitueuls  and 
trausfonued  into  carbon  by  the  slow  decompositi( 
oi^anie  matter  and  the  development  of  tarry  or  bi 
nous  substances.  It  was  a  chemical  process  by  \ 
the  vegetation  became  mineralized  through  p 
decomposition  and  slow  imperfect  combustion. 

Thirdly,  this  abundant  vegetation  made  posstbli 
higher  form  of  animal  life,  by  furnishing  a  plenl 
and  nutritious  food  to  such  animal  life  when  it  ap] 
Hitherto  auimal  life  was  wholly  aquatic  and  sul 
on  food  found  in  the  sea.  If  no  vegetation  had 
appeared  on  the  land,  if  the  rocks  had  always  remained 
naked  and  barren,  marine  life  would  have  continued 
and  terrestial  life  had  remained  unknowii.  Tlie  Car- 
boniferous age  niade  future  land  animals  possible,  by 
furnishing  them  with  an  abundant  food  in  their  tender 
twigs  and  foliage.  Grasses,  if  any  existed  at  this  time, 
were  probably  coarse  marsh  reeds  and  marshy  tufts  of 
water  plants.  Another  factor  in  the  evolution  of  rep- 
tilian life  was  the  formation  of  extensive  marshes  dur- 
ing this  age. 

These  marshes  were  formed,  first,  by  the  slow 
gradual  uplift  of  the  laud  to  within  a  few  inches 
the  surface  of  the  sea ;  second,  by  the  filling  up  of  tiie 
shallow  seas  by  the  washing  down  of  sand  and  mud 
from  the  laud  ;  and,  third,  by  the  decomposition  of 
immense  quantities  of  \'egetable  matter  that  grew  out 
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of  and    fell    into    these    shallow    se; 
marshy  vegetable  mould. 

We  see  this  same  process  going  on  under  our  eyestc 
day;  it  went  on,  on  avast  scale,  in  those  remote  Carbcm-fl 
iferous  ages. 

Those  ancient  marshes  of  wide  extent  partiallxj 
caused  a  change  in  animal  forms  from  the  fish  to  thsl 
reptile  which  we  shall  fully  study  in  the  succeedingjl 
chapter.  The  marshes  were  a  prominent  fector  ittfl 
causing  a  change  of  anatomical  structure  in  the  fisl 
and  early  reptiles. 

The  third  division  of  the  Carboniferous  age,  t 
Permian,  was  a  continuation  of  the  first  two — the  Sub- 
carboniferous  and  the  Carboniferous.  This  periiMl  was, 
like  all  the  others,  one  of  vast  extent  in  point  of  time. 
Many  changes  took  place  in  the  earth's  surface.  The 
area  of  the  land  was  increased  by  the  deposit  of  neir 
strata  distinctive  of  this  particular  era. 

Islands  and  isolated  points  of  land  increased  i 
and  coalesced  by  the  deposit  of  stratified  material. 
The  forest  trees  still  grew,  matured  and  fell,  but  the 
Permian  rocks  locked  within  their  bosoms  the  great 
store-houses  of  coal  that  had  beeu  preserved  for  the  u 
of  man,  and  has  done  so  much  for  his  comfort  ai 
his  civilization. 

During  this  long  flight  of  time  the  law  of  evolutiaig 
continued  in  activitj-,  and  a  new  form  of  animal  life- 
the  Reptilian — was  slowly  emerging.  In  a  subsequet 
age — the  Secondary  epoch  or  Mesozoic  age — reptilef 
made  their  appearance,  but  thej-  did  not  come  sudden^ 
upon  the  scene  as  complete  saurians ;  they  ] 
through  a  period  of  evolution  from  a  preceding  towa 
form— the  fishes. 

During  the  Permian    period,  the  mollusks,  too. 
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creased  in  number,  variety,  size,  and  complexity  of 
figure.  After  the  first  form  of  mollusk  appeared,  the 
little  lingula,  fonned  by  a  mass  of  cells,  absorbing 
lime  from  the  waters  of  the  sea  and  elaborating  it  into 
a  hard  external  covering  or  shell,  it  was  easy  for  this 
same  law  to  continue  in  activity  and  to  develop  a  higher 
order  of  activity,  a  more  specialized  kind  of  labor, 
and  so  evolve  liigher  and  more  complex  forms  of  mol- 
luscan  life.  The  law  of  development,  once  st-t  in  mo- 
tion and  stimulated  by  the  higher  needs  of  the  animal, 
and  kept  in  motion  by  favorable  surroundings,  went  on 
to  the  production  of  extremely  intricate  shapes  among 
this  order  of  animals. 

The  curious  and  beautiful  shells  of  these  creatures, 
with  their  superb  coloring  and  elaborate  designs,  are 
secreted  from  the  soft,  perishable  bodies  and  delicate 
organs  that  soon  disappear.  The  shell  is  preserved  to 
us  as  a  permanent  record. 

The  mollusksof  the  Permian  period  are  less  elaborate 
than  those  of  a  laterage.  In  Fig. 32weseesonie  forms 
of  these  mollusks,  and  by  comparison  they  are  found  to 
be  on  the  same  plan  as  the  little  priraar>'  lingula. 

In  the  large  shell  in  the  left  of  the  figure  (Motwiis 
Hawni).  we  see  an  ancient  shell  that  has  its  prototype 
in  the  scallop  of  our  own  times,  found  in  abundance 
along  the  New  York  and  New  England  shores.  In  the 
pointed  shell  in  the  centre  of  the  figure  (Myalina  per- 
atUnuaia )  "ve  also  have  its  prototype  in  tlie  modem 
mussel,  so  plentiful  in  the  world,  and  especially  in  the 
western  parts  of  the  Straits  of  Magellan,  where  I 
gathered  specimens  measuring  eight  inches  in  length, 
much  larger  than  any  fossils  I  have  ever  seen  of  this 
period. 

There  was  also  a  rare  and  singular  mollusk  of  the 
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Permian  age,  the  Productus  horridus.  The  row  of 
sharp,  cur\-ed  spines  on  either  side  of  the  shell  near  the 
hinge  are  interesting.  I  have  found  a  similar  shell  in 
Panama  Bay,  and  another  also  near  the  shores  of 
Guayaquil,  having  a  double  row  of  sharp  curved  spines. 
The  natives  have  given  them  the  name  of  virgin  sA^lU. 

These  Permian  shells,  which  are  so  closely  rept& 
sented  by  modern  forms,  are  interesting  from  the  fact 
that  they  follow  through  long  ages  what  may  l>e  called 
lines  of  continuous  development — tliat  is.  that  certain 
forms  of  moUusks  which  at  first  diverged  from  the 
primitive  lingula,  ailerwards  set  out  on  a  particular 
line  of  fonn,  and  followed  that  form  closely  durii 
great  periods  of  time. 

Hence  we  see  the  modem  clam,  scallop,  virgin  shdtj^ 
and  many  others  almost  identical  in  outline  and  figure 
with  those  that  were  developed  in  the  Permian  period, 

I  have  in  my  collection  shells  of  the  Tertiary  perio<l 
(  Cardita  planicosta  ),  which  I  gathered  at  Gat un,  on  the 
Isthmus  of  Panama,  which  are  identical  in  shape  to 
some  modem  specimens  I  found  in  the  Gulf  of  Pefias, 
on  the  southern  Pacific  coast  of  South  America,  and 
some  also  at  the  island  of  Madagascar,  in  the  IndlBttJ 
Oceau. 

Both  these  ancient  and  modem  shells  are  alike  in 
outhne  and  markings,  and  except  that  one  is  fossi!  and 
the  other  recent,  they  might  t>e  easily  mistaken  one  for 
the  other. 

Footprints  of  a  saurian,  or  some  animal  closely  allied 
to  it.  have  been  discovered  near  Pottsville,  Pa.,  in  our 
own  country.  These  footprints  were  made  in  the  soft 
mud  by  the  animal  walking  o\-er  it,  leaving  an  impres- 
sion of  five  fingers  in  the  anterior  limb  and  four  in  the 
posterior. 
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This  couM  easily  have  been  made  by  a  four-linibed 
lizard  of  a  considerable  size,  aiid  of  a  fair  degree  of 
development.  It  is  to  be  regretted  that  more  of  these 
footprints  have  not  been  found,  or  that  more  of  the 
bones  of  the  animal  that  made  them  have  not  been  dis- 
covered. But  from  those  footprints  we  have,  the  nature 
and  structure  of  the  animal  can.  be  studied. 

It  is  probable  that  these  tracks  belong  to  the  latter 

part  of  the  Permian  period,  for  a  considerable  length  of 

f    tone  is  required  for  the  evolution  of  reptilian  life  from 

H  die  6shes.     It  is  true  that  the  Carboniferous  age  was  a 
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ng  one,  and  there  was  sufficient  time  for  the  develop- 

;nt  of  new  forms  of  life,  and  while  true  reptiles  did 

t  appear  until  the  succeeding  age,  it  is  reasonable  to 

;ve  that  the  anatomical  ami  physiological  changes 

ley  underwent  began  and  continued  during  this  age. 

In  our  museums  we  see  these  footprints  preserved  in 

stone,  and  they  show  tliat  aa  animal  entirely  distinct 

from  a  fish,  and  far  in  advance  of  him,  had  made  his 

appearance  upon  the  scene. 

Evidently  the  animal  walked  on  a  muddy  sea-shore 
trhene  .the  waters  had  left  a  series  of  wave-marks,  and 
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when  we  reflect  liow  vast  a  period  of  time  has  elapsed 
since  then,  and  what  great  changes  have  occurred  in 
the  earth's  surface,  the  increased  area  of  continents, 
and  the  upheaval  of  great  chains  of  mountains,  we  are 
astonished  that  these  footprints  and  wave-marks  have 
come  down  to  us  in  so  perfect  a  state  of  preservation. 

Upon  examination  we  see  that  the  fingers  have  blnnt, 
rounded  ends,  and  that  the  two  outside  digits  stand  a 
little  apart  from  the  rest,  a  character  that  belongs  more 
to  a  fin-ray  than  to  a  true  digital  phalanx.  The  digi- 
tal phalanges  proper  have  a  more  or  less  free  lateral 
movement,  and  the  power  of  flexion  and  extension,  and 
while  both  the  digital  phalanx  and  the  fin-ray  may 
stand  apart  from  each  other,  yet  the  latter  may  be 
readily  distinguished  from  the  former.  So  that  while 
these  footprints  may  have  been  made  by  an  animal  with 
four  or  five  toes,  they  belong  to  a  fin-ray  and  not  to  a 
true  foot,  and  hence  were  of  an  early  form  of  reptilian 
life.  They  evidently  belonged  to  an  animal  that  stood 
midway,  in  point  of  evolution,  between  a  fish  and  a 
reptile.  In  Fig.  33  we  see  the  remains  of  a  skeleton 
found  by  Professor  Newberry  in  the  coal  measures  in 
Ohio.  I 

If  we  compare  this  skeleton  of  a  fossil  saurian  with* 
pterichthys  of  the  Devonian  age,  we  shall  see  a  striking 
similarity  in  the  external  form  of  the  head  of  the  latter 
with  the  large  bony  head  of  the  former.     The  skeleton 
shows  a  development  of  a  scapula,  and  the  anteriot 


ulna,  as  well  as  the  bony  fin-rays  of  an  anterior 
posterior  limb. 

The  step  from  pterichthys  of  the  Devonian  age  to 
this  Permian  .skeleton  of  a  saurian  was  not  a  very  long 
one,   nor  especially   remarkable.     We    cannot    study< 
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evolution  intelligently  by  simply  looking  at  the  ex- 
ternal appearance  of  animal  forms.  W'e  must  study 
their  osteology.  The  bony  skeleton,  its  varied  stmc- 
'  tare,  and  its  manifold  changes,  reveal  to  us  the  pro- 


ea  that  have  been  going  on  for  ages,  whereby  one 
lorm  of  animal  structure  has  been  changed  into  a  newer 
one,  of  a  more  advanced  type,  and  a  more  specialized 
Structural  development. 


CHAPTER  VI. 

THE  MESOZOIC  ACE  :— THE  AGE  OK  REPTILES.    TH8   | 
TRIASBIC  PERIOD. 

The  subdivisions  of  the  Meso^c  age  into  the  Triaasic,  Juras-  I 
sic,  Cretaceous  ^Ichthyosaurus — Development  of  a  jiaddle  J 
^Developitietil  of  a  lung — The  siredoti— Tile  plesiosaum'J 
Development  from  a  shark— The  Spinas  Blainvillii — TnwJ 
reptiles — Nolhosanrus — He  is  the  progenitor  of  the  croca>B 
dile  and  alligator — Mimicry  of  sautians — Skull  of  Dothlf- n 
saums  and  of  crocodile — LabyriuthodoD ^Development  of 
a  leg — First  of  the  pachyderms — Voltzias— Encrinuslilifor- 
inis — Ceratitesnodosns — ncvclopnTentofmolluscan  shells — 
The  mantlet;  its  function — Pearl  oysters— Nacre — Moasels 
—  Byasus  —  Univalves  —  Gasteropods  —  Limpets  —  FeaAj 
nautilus — The  so-called  bird-tracks — Dinosaur. 


Next  in  order  following  the  Carboniferous  period  of  J 
the  gfreat  Paleozoic  age  is  the  division  of  time  knoi 
as  the  Mesozoic  age. 

It  was  that  importani  epoch  in  tlie  earth's  histoi 
when  reptilian  life  became  so  varied  and  so  abtiudanL  I 

Geologists  have  subdivided  the  Mesozoic  age  intq 
three  lesser  epochs,  as  follows  : 

The  Triassic  period. 

The  Jurassic  period. 

The  Cretaceous  period. 

It  was  during  these  three  periods  that  the  great  s; 
rians  of  so  many  varieties  made  their  appearance  up( 
the  earth. 


In  the  preceding  chapter  we  have  seen  that  great 
trees,  destitjed  in  a  later  age  to  form  the  coal  measures, 
grew  luxtiriantly,  and  formed  vast  forests  of  immense 
extent.  The  land  increased  greatly  in  its  area,  and 
extensive,  wide-spreading  marshes  and  shallow  seas 
existed  over  vast  areas  that  are  now  dry  land. 
Those  extensive  marshes  and  adjacent  oceans  of  super- 
ficial depth  played  a  verj-  important  part  in  the  evolu- 
tion of  samian  life. 

The  study  of  the  evolution  of  a  reptile  from  a  pre- 
ceding lower  order  of  animal — a  fish — is  a  subject  of 
the  greatest  interest.  We  have  already  studied  mi- 
nutely the  anatomical  and  physiological  changes  that 
led  to  the  development  of  the  fish  from  his  predecessor 
the  sea-womi.  We  saw  that  these  changes  consisted 
in  modifications  of  the  important  structure  called  the 
cell-membrane.  These  changes  consisted  in  the  fold- 
ing into  plates  and  ridges  of  this  eel  I- membrane,  and 
the  development  from  it  of  certain  special  organs. 
Among  these  organs  was  the  chorda  dorsalis,  which  by 
segmentation  and  ossification  finally  became  the  verte- 
bral column. 

We  shall  now  see  that  the  first  great  step  having  once 
been  taken,  namely,  the  formation  of  the  spine  or  verte- 
bral column,  the  varied  structure  of  the  rest  of  the  great 
order  of  the  vertebrates  follows  easily  upon  the  same 
general  plan,  by  the  law  of  special  development  for 
special  uses.  In  the  upper  part  of  Fig.  34  we  see  an 
animal  known  as  the  Ichthyosaurus,  the  fish-lizard. 
By  comparing  this  animal  with  tlie  Devonian  fish 
Ccpkalaspis,  the  diilerences,  which  at  first  appear  con- 
aderable,  diminish  greatly  upon  a  closer  examination. 

In  both  animals  we  see  a  long  pointed  tail,  a  contin- 
lation  of  the  backbone  ;  we  see  a  series  of  costal  arches 
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or  libs  in  both  ;  and  a  large  movable  head  is  common 
to  each. 

One,  cephalaspis,  is  a  fish  of  the  Devonian  age  ;  the 
other,  ichthyosaurus,  is  a  fish-lizard  of  the  Triassic  or 
early  Mesnuoic  age  ;  yet  they  are  strikingly  alike,  the 
latter  being   more  advanced  in  special  development 


than  the  fonner,  but  eacli  having  many  features  in  p 
of  structure  that  are  common  to  both.     The  develo 
ment  of  ventral  paddles  or  flippers  in  the  ichthyos 
nis  is   a   process  of  special   growth  of   the   exte 
integument,  of  the  same  kind  that  has  taken  plaoetl 
before  in  many  of  the  early  Devonian  fishes,  to  fon 
the  simple  fin.     Now  in  the  fish-lizard  what  was  f 
merly  the  simple  fin  of  the  fish  has  developed  intOK 
fiu-like  paddle,  which  )^erve.s  as  an  organ  of  propulsi 


on  the  surface  of  the  water.  The  tail  has  become 
partly  degenerated  or  atrophied.  As  the  animal  ha.s 
become  fitted  to  live  upon  Uie  surface  of  the  water,  and 
can  no  longer  live  in  its  depths,  by  reason  of  its  being 
an  air  breather,  the  tail  would  degenerate  by  disuse, 
and  the  fins  would  develop  or  hypertrophy  by  use  into 
larger  and  more  completely  organized  loconiotory 
appendages.  Ridges  would  form  in  the  integument 
of  the  fin  along  the  lines  of  greatest  resistance,  while 
at  the  same  time  depressions  would  form  along  the 
lines  of  least  resistance.  These  ridges  by  loug-contin- 
tied  use,  by  increased  nutrition,  and  by  a  special  kind 
of  activitj-  of  their  internal  structure,  and  the  power 
lo  absorb  lime  and  convert  it  into  bone,  finally  ossified 
by  first  forming  rays  of  cartilage,  and  then  depositing 
lime  in  this  cartilage  until  it  became  fully  formed  bone. 
In  this  way,  then,  by  the  external  development  of  the 
integument  into  ridges,  and  the  internal  ossification  of 
these  ridges  into  rays  or  phalanges  of  bone,  the  paddle 
of  the  ichthyosaurus  was  formed. 

A  factor  that  aided  wry  largely  in  determining  the 

development  of  the  bony  paddle  of  this  animal  was 

the  extensive  seas  of  superficial  depth  over  which  it 

roamed  as  its  favorite  habitat  in  its  search  for  food. 

^^^  the  water  near  the  land  where  it  loved  to  frequent 

^Bns  too  shallow  for  it  to  swim  beneath  the  surface,  it 

^pbiuid  its  tail  of  little  ti.se,  hence  it  began  to  degenerate. 

^it  was  forced  to  use  its  fins  as  swimming  organs,  and 

by  the  law  of  use  an  increased  development  took  place 

externally  and  internally,  until  a  paddle  with  an  internal 

Ebony  structure  and  an  external  scaly  integument  was 

Uimately  fully  developed. 

Besides  the  development  of  the  bony  paddles  of  the 

^tliyosaurus.  the  head  of  the  animal  also  underwent 


a  series  of  important  changes.  The  brain  increased  in 
size  and  complexity  of  fiinction.  giving  the  animal  a 
greater  degree  of  inteHigence.  The  eye  developed  into 
a  more  complex  organ,  having  a  circle  of  facets  to  the 
cornea,  and  each  facet  capable  of  transmitting  the 
visual  object  directly  to  the  retina,  thus  giving  a  wide 
range  of  vision  without  moving  the  head  to  any  extent. 
The  jaws  underwent  a  less  change  as  they  were  in  the 
fish,  elongated  by  the  great  developmentof  what  in  the 
animal  are  called  the  pre-maxillary  bones. 

These  changes  in  the  external  configuration  of  the 
iclithyosaurus  must  necessarily  have  been  extremely 
slow,  and  were  determined  by  the  ever  advancing  law 
of  evolution  towards  the  elaboration  of  higher  types  of 
animal  organisms,  by  the  influence  of  outward  environ- 
ment, which  is  very  strong  indeed,  where  external 
conditions  determine  the  development  of  a  new  order 
of  locomotory  appendages,  and  the  appearance  of  an 
entirely  new  organ,  witli  a  function  totally  dissimilar 
from  any  that  had  thus  far  appeared — namely,  the 
lung. 

Hitherto  all  marine  animals  performed  the  office  o. 
the  aeration  of  the  blood  by  means  of  Branch, 
gills,  which  absorbed  oxygen  from  the  water.     This 
function  was  always  performed  beneath  the  surface 
of  the  sea. 

Now,  however,  the  new  organ — the  lung- 
take  the  place  of  the  gills. 

In  the  new  animal,  the  fish-lizard,  the  old  method 
purifying  the  blood  by  the  gills  was  impossible,  because' 
as  it  lifted  its  head  above  the  .surface  of  the  supei^cial 
seas,  the  gills  could  no  longer  perform  this  important 
function,  and  tliey  gradually  shrivelled  or  atrophied 
and  disappeared. 
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A  new  function,  that  of  respiration  of  atmospheric 
became  necessary,  and,  as  a  result  of  that 
aecesKty,  a  new  air-breathing  apparatus  was  de- 
veloped. 

The  development  of  the  Imig  in  the  ichthyosaurus  is 
a  process  of  special  growth  ia  the  anterior  portion  of 
the  alimentary  canal.  This,  as  we  have  already  seen 
in  the  fish,  was  developed  from  the  internal  folds  of  the 
cell- membrane. 

As  the  fish-lizard  raised  its  head  above  the  surface 

the  sea,  the  gills  became  of  less  and  less  use,  until 

lally  atrophy  of  these  organs  ensued.  At  the  same 
tiiDe  the  animal  acquired  from  necessity  the  power  of 
swallowing  atmospheric  air,  and  the  oesophagus  under 
ttis  new  stimulus  soon  began  to  bulge  or  protrude  on 
<ither  side,  and  also  from  its  anterior  portion.  This 
[Satter  protrusion  was  the  earliest  beginning  of  a  traciica 
or  windpipe.  This  trachea  soon  divided  into  two 
s>'raraetrical  branches  which  by  subsequent  elongation 
and  subdivision  form  the  bronchial  tubes  and  their 
ramifications. 

The  lateral  protuberances  of  the  oesophagus  soon 
'Coalesced  with  the  ramifications  of  the  bronchial  tubes, 
'■nd  in  time  the  lung — an  air-breathing  organ — was 
formed,  of  coarse  loose,  cellular  tissue,  capable,  how- 
ever, of  purifying  the  blood  by  a  process  of  slow  and 
somewhat  sluggish  respiration  of  atmospheric  air.  This 
slow  respiration  permitted  tlie  animal  to  remain  under 
water  for  a  considerable  length  of  time,  in  its  pursuits 
of  pleasure  or  of  its  prey. 

The  evolution  of  the  fish-lizard  from  a  fish  was  a  step 
considerably  in  advance  in  the  scale  of  animal  life.  It 
was  a  slow  and  gradual  process,  requiring  a  long  time 
its  accomplishment. 
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The  ich thy osa urns,   like  its  predecessor,  the  fisht, 
propagated  itself  by  means  of  eggs.    As  the  j-oung 
hatched  only  tlie  strongest  and  most  vigorous  coi 
reach  maturity,  aud  these  in  their  turn  would  tri 
to  their  succeeding  progeny  the    best    and    hig] 
qualities  of  their  organisms. 

In  this  "survival  of  the  fittest,"  the  young  who 
could  resist  all  their  enemies  and  reach  strong  adult 
life  would  be  best  able  to  continue  the  de\'elopment  of 
bone,  lung,  muscle,  and  nerve  tissues. 

The  formation  of  a  lung  in  an  animal  that  is  at 
wholly  marine  is  seen  in  our  own  times  in  the  Siredoo^ 
a  species  of  salamander  that  is  found  in  our  own  coun- 
trj',  in  Mexico,  and  in  Austria.  If  this  animal  is  kept 
in  water  it  will  develop  its  gills  ;  if  placed  on  land,  these 
will  atrophy,  and  a  lung  will  form,  and  the  animal  will 
become  an  air  breather.  This  facility  of  developing 
organs  through  the  power  of  external  influences 
help  to  explain  the  changes  that  occurred  so  long  ago 
iu  the  ichthyosaurus.  From  the  lowly  organization  of 
this  animal,  we  must  believe  that  it  followed  the  fishes 
in  the  order  of  evolution,  notwithstanding  the  fact  that; 
the  footprints  of  a  higher  order  of  animal  have 
fomid  in  the  Permian  rocks.  We  cannot  believe  i 
sudden  or  abrupt  appearance  of  species,  or  that  a  h; 
order  was  succeeded  bj'  a  lower  one. 

Subsequent  researches  will  prove,  if  it  is  not  pi 
already,  that  the  ichthyosaurus  was  next  in  order  c 
development  to  the  fishes. 

A  lowly  organized  air-breathing  animal  followed  oi 
wholly  marine  in  its  nature  and  mode  of  life. 

It  is  probable  from  wliat  we  know  of  the  form 
ichthyosaurus,  and  therefore  of  his  habits  and  m< 
of  life,  that  he  was  a  lowly  organized  animal  in 
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I  development  of  his  circulatory  apparatus  as  well  as 

s  lungs, 

t  While  we  have  found  no  traces  of  a  heart  in  the  fossil 

>  of  the  ichthyosaurus,  we  know  that  a  heart 

I  tDtist  have  existed,  and  it  must  have  heen  a  true  reptilian 

■  beart,  with  an  imperfect  development,  and  consequently 
■giving  a  sluggish  circulation  to  the  blood,  due  to  its 
Vliaving  two  auricles  and  but  ^ne  ventricle.  The  de- 
Pvelopment  of  the  heart  was  a  siiecial  growth  of  the 

internal  membranous  structures,  as  we  have  seen  in  the 
Bshes,  forming  al  first  a  straight  tube,  which  afterwards 
dilated  at  certain  points  to  form  the  auricles  and  veu- 
I  triclc.  The  growth  of  these  two  cavities  determined  the 
V^fbrm  and  size  of  the  heart.  The  reptiles  have  a  con- 
paiderable  lateral  moveiueul  of  the  head,  owing  to  tlie 
^&ct  that  there  is  but  one  occipital  condyle  connecting 
Kt  with  the  atlas,  or  first  cervical  vertebra.  This  gave 
KB  considerable  mobihty  to  the  head. 

■  The  ichthyosaurus  was  a  swimming  lizard,  withbouy 
Ej^alanges  concealed  in  a  scaly,  thick  integument, 
I  Jbrming  a  paddle. 

I  It  lived  only  upon  the  surface  of  the  water,  and  while 
Bit  was  able,  like  all  reptiles,  to  dive  and  remain  for  a 
I  considerable  time  beneath  the  surface,  it  could  not  exist 
Kong  without  breathing  air. 

I  The  true  reptiles  can  move  in  the  water,  and  also 
Bnpou  the  land.  In  these  animals,  the  limbs  have  de- 
^yeloped  beyond  the  stage  of  paddles,  and  were  legs 
Kapable  of  movement  on  land,  by  the  process  of  crawl- 
Hag  rather  than  walking.  A  true  reptile  is  a  step 
Hdgher  in  Uie  plane  of  auimal  life  than  the  fish-lizard, 
■bow  under  consideration— the  ichthyosaurus.  While 
Barge  iiumbeis  of  fossil  bones  of  this  animal  have  been 
Hnmd  in  America  and  Europe,  there  is  reason  to  be- 
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lieve  that  it  did  not  flourish  greatly,  and.  in  a  geology 
cal  sense,  soon  became  extinct. 

The  next  animal  form  that  demands  our  attentiM 
and  study  is  the  Plesiosaunis.  In  the  lower  part  of 
Fig-  34  w^  have  a  view  of  this  singular  creature. 

Liku  the  ichthyosaurus,  the  plesiosaunis  is  a  swim- 
ming lizard,  and  therefore  not  a  true  reptile.  It  wilj 
be  seen  by  referring  to  the  cut  that  it  has  a  shoit 
pointed  tail,  its  paddles  are  large  and  powerful,  and  il 
greatly  elongated  neck  rests  on  a  short  and  fleshy  body. 

The  long  slender  neck  is  formed  by  an  unusual  de 
velopment  and  growth  of  the  anterior  dorsal  vertebrat 

From  the  very  few  fossil  specimens  that  I  have  h 
able  to  study  in  our  own  and  European  museums,  '. 
have  found  that  the  true  cervical  vertebrae  of  this  a 
mal  have  been  seven  in  number.     This  corresponds  tl 
what  is  true  of  nearly  all  the  vertebrata — namely,  thq 
have  only  seven  eervkal  verlebra. 

Other  observers  may  have  seen  more  complete  spect 
mens  of  the  plesiosaurus  than  I  have,  hut  those  I  ha 
seen  warrant  my  assertion  that  this  animal  is  no  e 
ception  to  the  rule. 

The  seven  cervical  vertebrse  of  the  plesiosaunis  a 
somewhat  small  and  flattened  antero-posteriorly,  whid 
is  the  opposite  to  what  we  find  in  the  giraflfe,  camel 
guanaco,  llama,  ostrich,  and  swan  of  later  times, 
each  of  these  animals  the  seven  cer\'ical  vertebrse  a 
large,  elongated,  and  have  a  free  movement  iu  ever 
direction. 

The  powerful  paddles  of  tlie  plesiosaunis  are  de^ 
oped  in  the  same  way  as  those  of  the  ichthyosauntSi 
and  this  is  true  also  of  the  lungs,  heart,  and  other  into"- 
nal  organs.  In  both  animals  they  were  developed 
alike.     As  the  habits  and  modes  of  life  of  the  two  a 
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mals  were  identical,  aiid  their  existence  contemporane- 
ous, the  principal  point  of  interest  is  the  inquiry  as 
to  the  origin  of  the  long  slender  neck  of  the  plesio- 
saums.     It  would  seem  that  among  the  Selachians  of 
the  Devonian  age,  some  of  those  long,  slender-bodied 
sharks  might  well  be  the  progenitors  of  the  future 
plesiosaunis. 

Several  of  those  long-bodied  predatory  Placoida  were 
admirably  adapted  to  undergo  the  necessary  changes, 
and  tjeoome  in  a  later  age  the  saurian  now  under  con- 
sideration.    This  is  the   view  I   take  of  it.     In  the 
species  of  Devonian  fish  known  as  Spinax  BlainviUii 
he  dorsal  vertebrae  are  very  numerous,  and  the  body  is 

FIQ.   3B.— SELACHIAN  (SHABKJ  OF  THE   DEVONIAN  AOE-SPINAX 

Mig  and  slender.     There  is  a  small  pectoral  fin  which 
I  almost  wholly  tegumentary,  while  the  true  ventral 
US  are  much  larger,  and  have  traces  of  cartilaginous 

As  this  animal  raised  its  head  above  the  water  in  the 
Bhallow  bays  and  inlets  where  it  lived,  the  pectoral  fin 
through  disuse  would  become  slowly  atrophied    and 
in  time  disappear.     The  ventral  fins  would  develop  into 
paddles  in  the  manner  already  described,  and  the  long 
anterior  portion  of  the  body  through  successive  gen- 
erations of  development,  and  the  survival  of  the  fittest, 
^^Utimately   become   the  elongated  iieck  of  the  plesio- 
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saums.     This  view  seems  at  once  both  scieitti£c  and 
logical,  and  answers  all  the  requirements. 

In  Fig.  35  the  outline  of  form  of  this  species  of 
placoid  is  seen  to  be  such  that  the  special  mode  of  de- 
velopment into  a  swimming  lizard  could  take  place  in 
the  course  of  time,  through  the  force  of  extenial  infla- 
ences  determining  a  special  development  of  neck  and  i 
paddles.  The  large  number  of  anterior  dorsal  verte- 
bra could  easily  form  the  long  and  slender  neck  of  the  J 
plesiosaurus. 

As  it  ceased  to  xise  its  tail  as  an  organ  of  propulsicofl 
in  the  water,  it  would  follow  the  simple  law  of  atrophy^ 
through  disuse,  and  disappear. 

The  change  of  form  of  a  fin  to  a  paddle  is  an  insta 
of  the  adaplivencss  of  nature  in  the  developraeut  ofj 
organs  suited  to  serve  a  special  piupose,     Throughoi 
the  animal  world  we  see  many  instances  of  this,  wher 
nature  has  caused  changes  to  occur  to  meet  the  hightt  j 
needs  of  the  animal.     The  changes  in  the  special  in- 
stance of  the  development  of  a  paddle  from  a  fin  con- 
sist solely  in  anatomical  growth  influenced  by  external 
conditions.     This  growth  is  an  increase  in  size  of  in-J 
temal  parts — namely,  the  bones,  induced  by  the  effort 
of  the  animal  to  propel  himself  on  the  surface  of  t 
sea,  where  his  tail  would  be  of  little  use  to  him. 
paddles  by  extraordinary  exertion  would  cau.se  an  i 
creased  determination  of  Tilood  to  the  parts  through  thd 
appropriate  vessels.     This  would  lead  to  increased  nu' 
tritiou,  and  consequently  to  an  increase  of  cell-grow 
In  the  anterior  limbs,  the  humerus,  the  radius  and  n 
na,  and  the  carpal  and  phalangeal  group  of  bones ;  ID 
the  posterior  limbs,  the  femur,  the  tibia  and  fibula,  and 
the  tarsal  and  phalangeal  group  of  bones,  would  all 
undergo  an  anatomical   growth,  in  strict  accordancf^H 
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with  the  natural  laws  of  growth,  and  specialized  de- 
velopment of  parts,  and  in  this  way  a  more  complete 
limb  would  take  llie  place  of  one  less  complete,  a  more 
complex  limb  would  follow  one  less  highly  organized. 
Besides  the  swimming  saurians,  of  which  the  huge 
ichthyosaurus  and  the  plesiosaurus  are  types,  we  have 
ample  evidence  to  show  that  the  Trve  Reptiles  also 
appeared  in  the  Triassic  period. 

There  can  he  no  doubt  that  the  reptiles  proper  fol- 
lowed in  order  of  evolution  the  great  swimming  sauri- 
ans, for  the  reason  that  they  belong  to  a  more  advanced 
anatomical  organization.     The  ichthyosaurus  and  the 
plesiosaurus  were  swimming  saurians  only,  and  were 
confined  wholly  to  the  sea,  and  had  no  power  of  crawl- 
ing upon  the  land,  while  the  true  reptiles  were  able  to 
^  crawl  upon  the  land,  as  well  as  to  swim  in  the  sea,  in 
Hponsequence  of  a  more  completely  developed  leg  and 
Hjbot,  adapted  to  both  an  aquatic  and  terrestrial  mode  of 

^H  Id  Pig.  36  we  see  a  true  reptile  in  the  act  of  crawling 
^BoVer  the  rocks  as  he  emerges  ^m  the  sea. 
I         The  formidable  array  of  dorsal  crests  and  spiny  pro- 
tuberances are  merely  an  increased  growth  of  external 
scaly  integument,  and  do  not  affect  its  true  anatomical 
organization  and  internal  structure. 

Adopting  the  same  mode  of  reasoning,  it  is  extremely 
probable  that  this  saurian  is  an  evolution  from  one  of 
the  earlier  Devonian  placoids,  perhaps  from  the  Spinax 
filainvillii.  The  change  from  a  shark  with  gills  to  a 
lizard  with  lungs  is  one  that  could  easily  take  place 
in  the  manner  already  described  abo\'e.  It  is  a  true 
physiological  transmutation  of  function. 

In  this  reptile  the  most  important  advance  in  struct- 
is  the  development  of  the  bones  of  the  anterior  and 
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posterior  limbs,  enabling  the  creature  to  crawl  upon  the 
land.     The  tail  has  undei^one  no  atrophy,  it  is  still  an 
organ  of  aquatic  propulsion,  and  is  large  and  powerful. 
The  scales  of  the  fish,  under  the  influence  of  the  I 
have  been  replaced  by  a  thick  pachydermatous  sld 
capalile  of  a  double  or  amphibious  mode  of  life. 

The  head,  jaws,  and  teeth  have  undergi 
erably  advanced  development.  In  the  configuration  d 
the  jaws,  in  the  formidable  dentition,  and  the  pow 
tail,  we  can  see  that  the  animal  has  de\'eloped  a  feii 
cious  nature  and  predatory  habits. 

What  induced  the  development  of  legs  from  the  fi 
of  a  fish  ?  Undoubtedly  the  continuous  efforts  of  the 
animal  to  move  itself  over  shallow  sea  beds,  and  soft, 
low  marches  which  stretched  away  over  such  vast  areas. 
The  law  of  use,  or  long-continued  effort,  by  causing  a 
greater  degree  of  nutrition  of  the  parts,  brought  about 
the  simple  anatomical  changes  which  led  to  ultimate 
greater  complexity  of  structure.  It  was  a  special  g 
of  special  organs.  Thus  changes  in  the  surface  o 
land  induced  changes  in  the  anatomy  of  animals. 

These  two  important  changes  progressed  simultane-^ 
ously — a  continuous  upward  movement  in  geological 
formations,    an    accompanj'ing    upward  rao\-ement   in 
plant  and  animal  life.^and  these  induced  au  iucreaa 
anatomical  development.     This  reptile — a  true  s 
— has  been  called  the  Nothosaurus. 

He  stands  at  the  head  of  his  class  of  that  period,  j 
his  characteristics  have  come  down  to  us  and  are  seen 
to-day  in  the  Crocodiles  of  the  Nile  and  the  Ganges  of 
Africa  and  Asia,  and  the  Alligators  of  the  Mississlp] 
of  our  own  country'. 

In  Fig.  37  we  see  iii  this  reptile,  which  i 
modem  crocodile,  a  striking  similarity  in  foim  to  t 
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nothosaurus  of  the  Triassic  age.  The  ancient  saurian 
has  transmitted,  through  a  time  that  may  be  counted 
by  millions  of  years,  his  anatomical  characteristics  ia 
an  almost  unbroken  line.  This  is  another  example  of 
what  I  have  called  continuous  development,  where  the 
same  animal  forms  have  followed  the  same  lines  of 
external  anatomical  configuration  throughout  long, J 
geological  ages. 


The  type  of  reptilian  life  known  as  theGaviald 
the  Gauges  River  in  India  differs  slightly  in  fonn 
from  the  African  species  of  Nile  River  crocodile.  Here 
again  we  see  the  transmission  of  an  ancient  form  in  tbe^ 
long  pointed  jaws — pre-maxillary  bones — and  shi 
teeth,  which  so  closely  resemble  those  of  the  ichthyC 
saurus. 


i  38  we  IiaT,-e  the  alligator,  a  true  saurian,  now 
[he  Mississippi  River  in  its  southern  part,     I 
1  these  creatures  in  great  numbers  aloug  the 
marshy  shores  of  this  river. 

While  in  Brazil  I  saw  this  same  species  of  alligator 
on  the  Amazon  River  for  a  distance  of  more  than  two 
hundred  miles  above  the  city  of  Pard,  and  while  I  did 
not  have  the  opportunity  to  hunt  them  iu  boaLi  as  I  did 
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on  the  Mississippi,  and  so  observe  them  as  closely,  I 
could  see  no  essential  differences  as  to  their  external 
.anatomy  between  them. 

Both  species  are  alike  in  their  habits  and  modes  of 
both  are  ferocious  and  predatory,  and  boUi  have 

ic  same  habit  of  lying  perfectly  still  close  to  the 
water's  edge  until  their  prey  comes  within  reach, 
when,  with  a  sudden  stroke  of  their  powerful  tails, 
thej'  knock  it  into  the  stream  and  eat  it  leisurely  after 

rowning  it  by  dragging  it  under  the  water. 
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The  mimicry  of  these  creatures  makes  them  easily 
mistaken  for  logs. 

On  tile  Amazon  I  saw  one  of  them  lying  near  the 
water.  A  small  troop  of  monkeys  came  down  to  the 
river  to  drink.  One  of  them  bolder,  or  perhaps  more 
innocent  than  the  rest,  jumped  on  the  alligator's  back, 
and  for  a  full  minute  sat  there  undisturbed.  I  thought 
a  friendship  existed  between  them,  when  a  sudden  blow 
from  the  reptile's  tail  threw  the  monkey  screaming 
into  the  water,  A  quick  plunge,  and  both  disappearwi 
from  sight. 

The  same  thing  occurred  in  Louisiana.  I  was  deer 
hunting  one  day  with  a  valuable  bloodhound,  when 
tlie  dog  went  to  the  edge  of  the  Red  River  to  drink.  1 
followed  close  behind  him  on  horseback.  He  sprang 
on  what  seemed  a  cotton-wood  log  and  Ijegan  to  lap  the 
water.  Before  I  could  realize  what  happened,  I  saw 
the  dog  0ying  through  the  air,  and  the  seeming  "  log" 
dart  quickly  into  the  water.  As  the  hound  fell  into 
tile  river  the  open  jaws  of  the  alligator  were  ready  to 
receive  him,  and  both  disappeared  with  a  gurgle  from 
my  view.  1 

There  is  abundant  evidence  to  show  that  the  noth<K] 
saunis  of  the  Triassic  period  was  the  progenitor  of  tl 
modern  crocodile  of  the  Nile,  the  gavial  of  the  GangeStI 
and  the  alligator  of  the  Amazou  and  the  Mississippi. 

The  nothosaums  varied  in   length   from  three  I 
thirty  feet.     Fossil  bones  have  been  found  show: 
it  had  attained  this  latter  measurement. 

The  modem  sauriaiis  seldom  exceed  twenty  1 
the  average  being  not  far  from  ten  feet. 

A  comparison  of  the  skulls  of  the  ancient  nothosaums 
witli  those  of  the  modem  crocodile  will  show  some 
points  of  difference  and  some  of  striking  similari^^ 
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The  main  differences  are  those  of  higher  development 
in  the  modem  saurian,  especially  in  the  dentition 
of  the  two  animals.  The  teeth  of  the  nothosaunis 
are  less  highly  developed,  being  set  somewhat  loosely 
in  the  alveolar  process  of  the  jaw.  All  teeth  belong  to 
the  tegiimentary  system,  and  are  developed  from  it. 
Those  of  the  noiliosaurus  are  sharp  and  pointed,  and 
are  inserted  in  the  jaw  in  a  continuous  row. 

In  studying  the  bony  anatomy  of  these  saurians,  we 
see  the  early  and  low  order  of  development  of  the  skull 
of  the  nothosaurus.  The  pre-maxillary  bones  are  long, 
smooth,  and  straiglit,  and  the  lower  jaw  is  loosely  ar- 
ticulated to  the  upper  entirely  by  ligaments.  There  is 
no  condyle  of  the  lower  maxillary  bone,  and  no  fossce 
Of  spinous  processes,  thus  showing  that  the  muscles 
■were  ver>'  slightly  developed. 

If  we  examine  a  skull  of  the  modem  crocodile,  we 
see  a  well-marked  condyle  of  the  lower  maxilla,  and 
fossse  and  spinous  processes  for  the  insertion  of  muscles. 
There  is  also  an  inferior  dental  foramen  for  the  trans- 
mission of  the  dental  nerve,  and  the  bony  orbits  are 
permanent.  The  teeth  are  set  firmly  into  the  jaw-bone, 
the  alveolar  processes  being  quite  solid.  The  teeth  are 
isolated,  sharp,  and  poiuted,  and  are  covered  with  a 
layer  of  hard  enamel. 

These  differences  serve  to  show  that  the  modem 
saurian,  the  crocodile,  and  the  gavial  are  more  highly 
developed  in  the  structure  of  the  teeth  and  tlie  bones  of 
the  head  than  the  ancient  nothosaurus,  tlie  general 
form  and  outline  in  both  remaining  nearly  the  same, 

A  new  and  strange  animal  that  appeared  in  the 
Triassic  period — the  Labyrinthodon— will  next  de- 
mand our  special  study  and  attention.  The  fossil 
Xemains   of  this  singular   creature   have   been    found 
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in  several  Icxralities  in  our  own  countrj-  and  in  Europe. 
It  seems  to  have  beeu  the  first  of  wholly  terrestria; 
auimals  that  appeared  upon  the  earth.  It  possesse^ 
qualities  that  are  both  reptilian  and  mammal.  It  was 
regarded  as  a  huge  hatrachian  by  many  geologists,  and 
it  had  some  points  characteristic  of  that  order  of  aui- 
mals. There  is  little  doubt  now.  however,  that  it  was 
a  terrestrial,  air-breathing  reptile,  living  wholly  upon 
the  low  marshy  laud,  and  having  no  affinitj-  for  the  sea. 
A  glance  at  Fig.  39  will  show  us  how  this  remarkable 
animal  looked  when  ative. 
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plicated  structure,  owing  to  a  folding  of  the  pulp 
while  in  an  early  stage  of  growth.  This  arrangement 
of  the  tooth  pulp  into  corrugated  layers,  set  longi- 
tudinally in  the  tooth,  has  given  the  animal  his  dis- 
tinctive name. 

The  labyrinthodon  was  a  transition  from  a  swimming 
reptile  to  a  true  mammal.  It  was  cold-blooded,  and 
reproduced  its  young  fixjm  eggs. 

We  must  believe  that  it  was  evolved  from  the 
ichthyosaurus,  and  that  the  anatomical  changes  that 
were  necessary  for  the  production  of  such  an  animal 
form  were  quite  simple,  and  in  entire  harmony  with 
the  laws  that  govern  such  changes.  The  ichthyosau- 
rus was,  as  we  have  seen,  an  air-breathing  animal  that 
lived  upon  the  surface  of  the  waters  forming  the  shal- 
low bays  near  the  land.  The  younger  ichthyosauri,  in 
their  sea  and  marsh  mode  of  life,  necessarily  soon 
acquired  the  habit  of  crawling  on  the  low  swampy 
shores  of  the  sea,  partly  from  a  desire  to  do  so,  and 
partly  in  search  of  food.  In  doing  this  they  would  be 
compelled  to  use  their  paddles  as  locomotory  organs. 
An  increased  nutrition  of  the  parts  would  soon  follow, 
resulting  in  an  increased  growth  of  the  bones.  The 
more  vigorous  of  these  saurians  preferably  lived  more 
and  more  upon  the  marshes,  until  they  found  them  a 
permanently  congenial  habitat.  In  this  new  existence 
the  tail  would  be  of  no  use,  and  it  would  atrophy  and 
finally  disappear.  The  limbs,  which,  as  I  have  said, 
were  not  true  legs,  but  a  thick,  heavy  locomotory 
appendage,  developed  in  a  manner  that  was  quite 
simple.  All  the  bones  increased  in  size,  as  a  result 
of  an  increased  flow  of  blood  to  the  parts,  or  increased 
nutrition.  Bones  grow  by  the  absorption  of  nutrient 
materials  frx>m  the  blood,  and  the  bones  of  the  laby- 
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rintliodon  grew  in  the  same  way.  As  the  body  of  this 
animal  was  heavy,  he  needed  a  heavy  hmb  to  support 
his  weight.  He  required  an  uninterrupted  and  libera] 
supply  of  food,  and  this  formed  a  large  quantity  of 
blood  from  which  the  bone  material  was  elaborated. 
The  lowly  de^'eloped  bone  of  the  ichthyosaurus  be- 
came the  more  highly  developed  bone  of  the  laby- 
rinthodoii,  through  the  law  of  use  and  greater  nutrition. 

The  changes  that  took  place  were  an  increased 
growth  of  the  femur,  and  of  the  tibia  and  fibula.  The 
femur  was  almost  wholly  concealed  in  the  flank,  the 
knee-joint  lying  close  against  the  flank. 

The  metatarsal  bones  were  very  long,  and  gave 
a  doubled  shape  to  the  limb. 

In  the  ichthyosaurus  the  phalangeal  bones  of  the 
paddle  were  concealed  in  a  thick  tegumentary  web, 
admirably  adapted  for  swinmiing  in  shallow  sea.s.  In 
the  labyrinlhodon  the  long-continued  efforts  of  crawl- 
ing on  marshy  ground  would  lead  to  a  greater  develop- 
ment of  these  bones,  until  ultimately  they  would  be 
slightly  separated  from  each  other,  and  become  rounded 
on  the  distal  extremity.  This  would  cause  the  fool  to 
leave  an  impression  of  its  five  toes  in  the  soft  mud  over 
which  it  passed. 

The  formation  of  a  pelvis,  at  first  very  simple,  would 
follow  as  the  animal  grew  heavier,  and  the  head  of  the 
femur  needed  some  point  of  support.  The  posterior 
lumbar  vertebrae  would  throw  out  lateral  processes 
whicli  would  finally  develop  into  true  pelvic  bones. 

The  bones  of  the  fore-leg  would  develop  in  precisely 
the  same  way,  bnt  in  addition  to  an  increased  growth 
of  the  humerus,  the  radius  and  ulna,  and  the  sepa- 
rate development  of  the  toes,  a  scapula  or  shoulder- 
blade  would  be  formed  to  receive  the  upward  t 


of  the  humerus,  and  to  raise  the  anterior  part  of  the 
body  irom  the  ground. 

The  developmeut  of  the  scapula  would  result  from 
the  gradual  ossification  of  the  cartilaginous  end  of  the 
humerus,  and  its  extension  upwards  from  increased 
growth  into  a  broad  and  flattened  bone. 

The  head  of  the  Jabyrinthodon  underwent  but  little 
change.  It  largely  retained  the  characters  of  the  ich- 
thyosaurus. 

The  external  integument  coiild  not  have  been  scaly,  as 
the  animal  lived  wholly  upon  low  marshy  ground.  It 
was  a  terrestrial  animal,  and  while  it  could  no  doubt 
swim  if  thrown  into  the  water,  it  was  not  aquatic  in  its 
habits.  Its  skin  must  have  been  thick  and  dry,  owing 
to  the  influences  of  air  and  light  upon  it,  The  lahy- 
rinthodon  was  the  first  of  the  true  pafkydenns. 

lu  this  way,  then,  the  anatomical  structure  and  con- 
figuration of  the  ichthyosaurus  l>ecamc  changed,  and 
a  new  animal,  the  labyrinthodon,  appeared.  As  the 
ages  passed,  he  in  his  turn  was  destined  to  undergo  a 
change,  and  finally  to  pass  away  and  give  place  to 
still  newer  and  higher  animal  forms. 

New  modes  and  habits  of  life  and  a  change  of  ex- 
ternal environment  are  powerful  factors  in  causing 
dianges  to  occur  in  the  forms  of  animal  life.  The  snr- 
vi%'al  of  those  best  fittc<l  to  transmit  the  new  qualities 
to  their  successors  would  continue  these  changes  in- 
de£iiitely.  The  weaker  would  succumb  aud  disappear. 
Thus  far,  climates  had  no  effect  in  producing  such 
changes,  for  up  to  this  point  of  geological  time  no 
climate  existed.  A  uniformly  warm  temperature  ex- 
tended all  over  the  earth.  The  seas  were  still  warm 
and  fresh.  The  low  Laurentian  Hills  remained  fixed 
1  their  primitive  repose,  and  great  marshes  stretched 
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away  everywhere.  The  Carboniferous  forests  were  still 
luxuriant  and  covered  immense  areas  with  rich  and 
graceful  verdure.     A  new  species  of  tree  made  its  ap- 
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pearance  in  this  period,  namely,  the  Voltzias.  In  Fig. 
40  we  have  a  restoration  of  the  branches  and  needles 
and  the  cones  of  this  beautiful  tree. 
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We  see  here  a  foreshadowing  of  the  modem  pine 
(Pinus  sirobus),  the  hemlock  (Abies),  and  the  cedar 
(Cedrus).  The  voltzia  has  transmitted  some  of  its 
characteristics  to  our  own  times.  The  variations  in 
the  external  appearances  of  plants  are  due  to  varying 
conditions  of  soil,  light,  moisture,  and  freedom  from 
repressing  influences.  Plants  follow  an  upward  ten- 
dency of  development  as  well  as  animals.  They  grow 
by  an  increase  of  cells  or  cell-tissue,  and  this  increase 
of  cell-tissue  is  determined  by  the  power  of  the  plant 
to  absorb  nutrient  materials  from  the  soil  in  which  it 
is  rooted.  A  rich  and  generous  soil,  with  a  favorable 
supply  of  heat  and  moisture,  immunity  from  destruc- 
tive enemies,  and  ample  space  to  grow,  determine  very 
largely  the  character  and  form  as  well  as  the  habits  of 
the  plant. 

The  heat  and  moisture  and  the  marshy  ground  of 
the  triassic  period  were  quite  as  favorable  to  forest 
growth  as  were  the  same  conditions  in  the  Carbonifer- 
ous age.  All  plant  life  of  the  earth  up  to  the  Trias 
was  of  a  comparatively  simple  kind.  No  fruits,  nor 
fragrant,  brightly  colored  flowers  existed.  The  forest 
trees  were  of  a  light  cellular  texture  that  grew  rapidly 
in  the  warm  air,  abundant  rains,  and  swampy  ground 
of  that  age.  They  were  all  flowerless  plants,  and 
quite  simple  in  their  botanical  construction.  No  new 
species  of  radiates  or  moUusks  appeared  in  the  Triassic 
period.  The  crinoids  or  sea-lilies  of  the  Devonian  age 
were  continued  into  the  Trias,  and  one  species,  the 
Encrinus  liliformts,  or  lily-crinoid,  was  especially  abun- 
dant and  beautiful.  This  species  of  radiate  grew  in 
such  profusion  in  the  clear  seas  of  the  Triassic  period 
that  its  stony  remains  form  extensive  beds  of  lime- 
stone.    A  view  of  this  pretty  cephalopod,  or  stone- 
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s  shown  in  Fig.  41.  and  we  see  very  plainly 
the  cellular  character  of  its  parts  before  it  turned  I'l 
stone  by  the  absorption  of  lime  from  the  water  in  which 
it  lived, 

Ther«  were  few  mollusks  also  of  this  period.    A 
form  called  Ceralites  uodosui  was  found  in  great  num- 
bers but  over  restricted  areas  in   oui 
country   and    Europe,     In  this 
mollusk  we  see  the  forerunner  of  the 
I  iamous  ammonite  which  appeared  at  a 
later  age.     The  evolution  of  the  mol- 
lusks  into  their  numerous  and  com- 
plicated forms  is  a  subject  of  great 
interest.     The  primitive  lingula  of  the 
Upper  Silurian  age  is  the  parent  from 
whidi  has  sprung  the  immense  array 
of  shell  formations,  an  enumeration  of 
which  would  fill  a  volume. 

We  have  already  studied  the  process 
of  the  formation  of  the  shells  of  the 
lingula.  We  have  seen  tliat  the  soft 
body  of  the  little  animal  absorbed  lime 
from  the  sea,  and  elaborated  a  thin 
external  covering  or  shell  for  its  pro- 
tection. Two  shells  were  formed  from 
(he  cell-memhrane.  This  cell-mem- 
brane ■v-ery  early  developed  into  a 
fold  or  manlli:  This  mantle  became 
a  constant  and  important  structure 
throughout  nearly  the  whole  order  of 
the  mollusca.  From  the  mantle  the 
various  and  complicated  forms  of  shells  are  elaborated. 
The  mantle  itself  was  formed  in  the  first  instance  by 
ding  of  the  cell-membrane  into  two  parts  or  sidi 
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ming  two  lateral  folds  which  came  in  contact  along 
e  of  its  edges.     On  the  free  edges  of  the  mantle  there 
"■were  formed  a  row  oi/ollidfs.  which  have  a  gland-like 
fiinction.      The    follicles,    which   are    small   rounded 
bodies,  are  composed  of  extremely  small  cells,  arranged 
in  such  a  way  as  to  give  a  central  cavity  and  numerous 
openings  into  it.     The  follicles  have  the  power  to  se- 
crete a  sort  of  fibrous  animal    matter,  and  to  mix  with 
it  lime  which  they  absorb  from  the  water.     When  the 
proportion  of  lime  is  large  the  shell  is  hard,  brittle,  and 
stony,  when  it  is  small  the  shell  is  more  fibrous  and  less 
,  brittle  in  texture. 

This  material,  composed  of  animal  matter  and  lime. 

B  deposited  in  successive  layers  around  the  soft  body 

f  the  animal.     The  layers  overlap  and  partly  coalesce, 

I  time  a  complete  shell  is  formed — one  on  each 

Kside.     Each  side  of  the  mantle  secretes  its  own  shell, 

|tnd  in  this  way  the  two  shells  are  formed.     We  then 

Lave  a  Bivalve  Mollusk. 

All  the  ancient  bivalves,  down  to  the  modem  scallop, 

f  mussel,   oyster,  and  clam,   were  formed  in  this  way. 

The     inequalities    on    the    external    surface   of   .some 

shells,    the   rows  of  flutings,    ridges,    and   spines,  are 

fiarmed  by  the  varying  activities  of  the  man  tie- foil  ides, 

L  aecretingat  onetime  an  excess  of  lime,  at  another  of 

^animal  matter,  and  at  another  an  excess  of  both. 

The  interior  surface  of  shells  is  generally  smooth, 
■,  and  nacrous,  and  in  some  is  brightly  or  irides- 
■ntly  colored. 

;  pearl-oyster  catchers  of  Panama  Bay  have  told 
pie  that  if  the  pearl-oyster  was  planted  in  quiet  waters, 
where  it  could  remain  for  a  time  free  from  disturbance. 
It  would  develop  the  pearly-white  na^rf  rapidly.  This 
s  sometimes  so  pure  and  lu.strous  that  it  is  cut 
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and  polished  in  rounded  masses,  called  oriental  pearb, 
to  imitate  the  true  pearl  that  the  oyster  secretes  in  the 
folds  of  its  mantle.  These  shells  are  largely  used  to 
make  the  .w-called  pearl  Ijuttons.  The  true  pearl,  which 
is  prized  so  highly  as  an  ornament,  is  fonued  in 
the  mantle  itself.  The  follicles  secrete  the  nacre  in 
small  masses  which  are  found  when  the  oyster  is 
opened.  If  a  grain  of  sand  or  other  foreign  body  be 
purposely  introduced  i  nto  the  folds  of  the  mantle  it  will 
be  at  once  coated  with  a  layer  of  nacre  to  render  it  less 
irritating  to  the  oyster. 

The  modem  sea-mussel  (Myiilits  edulis),  so  common 
throughout  the  world,  is  doubtless  a  descendant  of  the 
lingula  of  the  Upper  Silurian  age.  In  this  mollusk 
the  shells  are  largely  composed  of  animal  matter  and 
are  nearly  black  in  color.  The  interior  of  the  shell  is 
very  dark  also,  and  the  body  of  the  animal  of  a  pale 
yellow.  It  attaches  itself  to  the  rocks  by  means  of 
fibrous  threads  which  are  secreted  also  by  the  mantle. 
This  is  the  byssus. 

The  mussel  is  esteemed  as  food,  and  grows  abun- 
dantly and  sometimes  of  great  size.  In  the  Straits  of 
Magellan  I  found  them  growing  by  millions  on  the 
rocks  near  the  Pacific  entrance  and  along  up  Smyth 
Channel,  where  the  fall  of  the  tide  does  not  uncover 
more  than  two  feet  of  the  rock.  Here  they  grow  from 
six  to  nine  inches  in  lengtli,  and  are  devoured  greedily 
by  the  Terra  del  Fuegan  savages.  I  saw  in  se^-eral 
places  on  tlie  shore  large  mounds  of  mussel  shells,  and 
near  by  charred  embers  where  the  savages  had  roasted 
them  for  food. 

This,  then,  is  the  process  by  which  the  two  shells  of 
all  bivalve  mollusks  are  formed.  \\Tiile  this  order  of 
animals  is  large,  it  is  small  in  comparison  with  the 
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Univalves,  or  those  moUosks  having  a  single  shell. 
The  univalves  are  generally  unfit  for  food.  They  are 
almost  countless  in  variety  of  form  and  size,  of  outline 
and  color.  They  are  gasteropods,  or  animals  that  creep 
or  glide  by  the  successive  expansion  and  contraction  of 
the  under  side  of  the  body,  which  fonns  a  broad  mus- 
cular foot.  However  numerous  their  varieties,  or  how 
different  their  shape,  they  all  come  under  the  order  of 
snail i 

The  shell  of  the  univalves  is  secreted  in  precisely  the 
same  way  as  the  bivalves — by  the  foUicles  of  the  mantle. 
In  the  univalves  the  two  halves  or  sides  of  the  mantle 
become  joined  at  the  extremities  so  as  to  form  a  circu- 
lar mantle.  This  circular  mantle  secretes  at  firet  a  single 
point  ofcalcareons  matter,  which  increases  in  size  by  the 
addition  of  successive  layers  until  a  single  shell  is 
formed  sufEcient  to  cover  and  protect  the  body  of  the 
animal. 

In  univalve  shells  that  have  cones,  complicated  ridges, 
spines,  and  fluted  or  serrated  edges  the  process  of  for- 
mation is  essentially  the  same.  They  are  all  formed  by 
the  follicles  of  the  mantle  secreting  an  excess  of  animal 
matter  to  form  projections  at  certain  points — or  spines— 
and  ridges  or  flutes  at  other  points  by  an  excess  of  lime. 
The  A'ariegated  and  beautiful  colors  possessed  by  many 
shells  are  formed  under  the  influence  of  the  sunlight 
acting  chemically  upon  the  mineral  and  animal  constit- 
uents of  the  shell  when  they  are  first  secreted  by  the 
mantle- follicles. 

We  have,  then,  two  principal  orders  of  mollusks — ^bi- 
valves, or  animals  with  two  shells  joined  by  a  hinge, 
and  univalves,  or  animals  with  a  single  shell.  In  both, 
the  shell  was  formed  to  protect  the  soft  body  of  the 
animal,  and  in  both,  the  shell,  however  elaborate  or 
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complicated  111  structure,  was  secreted  by  the  animal 
itself  from  a  row  of  gland-like  follicles  situated  usually 
in  the  frte  border  of  the  mantle.  These  follicles 
possesseil  the  function  of  absorbing  lime  from  die 
water  and  elaborating-  it,  by  successive  layers,  into 
a  hard,  durable  shell,  more  or  less  intricate  in  Struct- 
ure and  design,  and  ornamented  by  brightly  colored 
hues. 

The  geographical  distribution  of  ancient  univalves 
and  bivalves,  as  well  as  modem,  is  very  extensive.  I 
found  fos,sil  limpets  (Patella  vulgala)  at  Gatun, 
Isthmus  of  Panama,  of  the  Tertiar>-  period. 

They,  with  several  forms  of  Gasteropods.  notably 
fiVj^ararc^wja.wereexceetlinyly  abundant,  and  formed 
hillocks  of  considerable  extent.  Some  of  them  were  so 
well  preser\ed  that  I  at  first  thought  they  must  be 
recent.  I  found  a  similar  species,  ]jrobably  of  the  Car- 
boniferous period,  on  the  coast  of  Chili,  about  twenty- 
five  miles  south  of  Lota,  imbedded  with  fossil  tree-trunks 
in  sandstone,  which  was  being  slowly  worn  away  by 
the  action  of  the  sea  beating  against  it.  I  also  found 
shells  of  a  like  species  on  the  east  coast  of  Africa,  near 
Mozambique,  where  they  formed  foot-hills  of  consider- 
able size.  They  were  also  of  the  Tertiary  period,  and 
were  imbedded  in  a  fine  gray  sandstone. 

They  are  identical  in  structure  and  appearance  to 
recent  shells  I  have  gathered  in  Terra  del  Fuego  and 
on  the  east  coast  of  Patagonia,  also  on  the  island  of 
San  Domingo,  and  in  several  localities  in  our 
country. 

Great  numbers  of  fossils  have  been  found  of  the 
Ceratites  nodosus,  a  cephalopod,  which  was  abundant 
io  the  Triassic  period,  and  which  subsequently  became 
extiuct. 
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This  animal  was  followed  by  the  ammonites,  and  in 
the  Tertiary  period  and  down  to  our  own  times  is  rep- 
resented by  the  beautiful  pearly  nautilus  {Nautilus 
Pompilius). 

In  all  these  complicated  species  of  imivalvea  the 
same  great  law  of  evolution  underlies  each  in  its 
elaborate  development. 

The  different  chambers  or  septa  in  the  convoluted 
shell  of  the  animal  were  secreted  successively  by  the 
mantle-follicles.  They  assumed  the  coiled  or  convo- 
Inted  shape  by  the  secretion  of  calcareous  matter  more 
abundantly  upon  the  periphery  than  upon  the  inner 
curve  of  the  shell.  The  primary  convolutions  were 
formed,  doubtless,  by  the  habit  of  the  animal  while 
in  an  unprotected  state  of  coiling  himself  up  partly  to 
escape  danger  and  partly  to  float  more  easily  upon 
the  surface  of  the  water  when  necessary,  although  it 
hves  generally  at  the  bottom  of  the  sea,  and  not 
usually  on  the  surface. 

At  the  close  of  the  Triassic  period  the  aspect  of  the 
land  had  undergone  many  clianges.  Dry  and  more 
elevated  areas  of  the  earth's  surface  became  more 
extensive  as  it  was  slowly  uplifted  above  the  sea.  The 
marshes  were  slowly  filled  up  by  materials  washed 
down  from  higher  levels.  The  forests  were  still  wide- 
^>reading.  and  grew  luxuriantly  in  the  heat  and 
moisture. 

Reptilian  life  found  congenial  conditions  for  its 
enormous  development.  Some  new  and  strange  forrijs 
appeared,  and  the  seas  swanned  with  those  uncouth 
monsters  now  so  completely  unknown  except  from  their 
fbfisil  remains.  Rapacious  fishes  abounded  in  vast 
munbers.  Molluscan  life  developed  a  great  number  of 
uiew  and  intricate  forms.  a 
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■  The  more  extended  areas  of  high  and  dry  land,  and 

H  the  consequent  change  of  the  character  of  the  flora,  and 

H  a  clearer  and  dryer  atmosphere,  through  which  the 

H  sun's  rays  could  reach  the  earth  unimpeded,  exerted  a 

H  vast  influence  in  the  evolution  of  more  advanced  and 

H  more  specialized  tjpes  of  animal  life. 

H  Up  to  this  period  the  highest  order  of  animal  pos- 

I  sessed  characters  which  were  decidedly  saurian.     No 

I  true  mammals  existed,  no  birds,  and  but  few  insects. 

H  Crustaceans  advanced  slowly,  but  the  general  tendency 

H  was  always  upward  to  a  higher  and  more  complete 

W  anatomical   development  in   the  great   order    of  the 

animal  kingdom. 

In  the  later  Triassic  rocks  geologists  have  found  in 
several  localities  in  our  own  country  footprints  which 
were  long  thought  to  have  been  made  by  birds.  These 
so-called  bird-tracks  are  now  known  to  be  the  tracks 
of  a  reptile — the  Dinosaur.  This  animal  walked  ou  his 
posterior  limbs,  which  were  large  and  capable  of  sup- 
porting his  body,  and  rarely  brought  his  anterior  limbs 
to  the  ground  for  the  purpose  of  locomotion.  He  was, 
in  fact,  a  reptile  which  raised  his  body  from  the  ground 
and  walked  in  a  more  or  less  upright  position. 

Here  we  see  a  foreshadowing  of  two  animal  forms 
that  were  yet  to  appear — namely,  marsupials  and 
birds.  As  the  dinosaur  appeared  in  the  later  ages  of 
the  Triassic  period,  and  reached  his  greatest  develop- 
ment in  the  Cretaceous  period,  we  naturally  inquire 
from  what  preceding  animal  was  he  descended.  It  i^M 
verj-  probable  that  the  iiothosaurus  was  his  progenittwwl 
We  have  seen  that  the  nothosaurus  was  a  true  reptile, 
with  such  a  development  of  leg  as  to  enable  him  to 
crawl  upon  the  rocks  near  the  sea,  and  also  upon  the 
1.     In  the  course  of  time  this  animal,  i 
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of  piey,  gradually  acquired  the  habit  of  raising  himself 
upon  his  posterior  limbs.  This  habit  was  transmitted 
to  succeeding  individuals  until  it  became  the  favorite 
and  permanent  position  of  the  animal,  and  this  diver- 
gence of  development  fix>m  the  nothosaurus  finally  led 
to  the  formation  of  a  new  animal,  the  dinosaur. 


CHAPTER  Vn. 


THE  MESOZOIC  AGE:— THE  AGE  OF  REPTtLES. 
THE  JURASSIC  PERIOD. 


Tbe  Black  Hills,  Uskota  :  their  roitnslioii — AminoiiileB—  j 
Belcmuites — Common  squid — Cuttle-fiBh— Ootopus— Plero-  I 
dactyl— He  ia  tbe  progenitor  of  the  modern  bal— Poweis  J 
of  flight  of  the  albatross — Ramphorynfhus— Teleos 
Tbe  great  Jurassic  in arslies— Viviparous  propagation — Th*  I 
change  from  a  saurian  to  a  marsupial. 

The  name  yurassie.  as  applied  to  this  second  sub-1 
division  of  the  Mesozoic  period,  is  derived  from  the'l 
fact  that  the  range  of  Jtira  Mountains  on  the  western  I 
border  of  Switzerland  were  uplifted  above  the  sea  at  1 
this  time.  The  upheavals  of  land  that  occurred  else- 1 
where  during  the  same  age  have  been  called  Jurassic^ 
rocks,  or  formations. 

Geologists  in  Ettrope  have  divided  the  Jurassic  period! 
into  three  lesser  subdivisions — namely,  the  Lias,  061ite,J 
Wealdi-n. 

The  plan  and  scope  of  our  work,  however,  does  nol 
require  a  special  study  of  either,  except  to  show  thatl 
some  particular  type  of  animal  life  made  its  appeal 
ance  in  one  of  these  lesser  subdivisions  of  geologicati 
history. 

This  second  division  of  the  Mesozoic  age — theJ 
Jurassic^ — while  it  followed  in  orderly  succession  tbe-l 
Triassic,  showed  some  great  steps  in  advance,  both  i 
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the  character  and  topography  of  the  land,  and  in  the 
evolution  of  new  forms  of  life. 

A  phenomenon  of  great  geological  interest  was  the 
upheaval  of  what  are  now  known  as  the  Black  Hills,  in 
Dakota,  in  our  own  country.     These  hills  are  of  con- 
siderable extent  and  importance.     They  are  composed 
of  three  kinds  of  rock — namely,   primitive  Archean 
rock,    Potsdam    sandstone,   Carboniferous    limestone. 
The  base  of  Archean  rock  formed  a  part  of  the  primi- 
tive solid  crust  of  the  earth.     The  Potsdam  sandstone 
was  formed  next  above  it  by  the  washing  down  of 
eroded  materials  from  the  adjacent  Laurentian  Hills, 
and  the  limestone  was  formed  under  the  sea  in  a  super- 
imposed layer  during  the  Carboniferous  age.     An  in- 
ternal upheaving  force  raised  these  several  strata  above 
the  sea-level,  and  what  are  now  a  cluster  of  large  and 
important  hills,  standing  isolated  in  the  midst  of  a  wide 
and  level  plain,  were  in  the  Jurassic  period  an  island 
of  considerable  extent,  surrounded  by  a  shallow  ocean  ; 
on  the  north  were  the  contiguous  Laurentian  Hills,  as 
they   bent  away  towards  the   Arctic   Ocean  ;   on  the 
west,  south,  and  east  was  a  superficial  sea,  with  scat- 
tered numerous  islands,  and  still  farther  to  the  south- 
east were  extensive  marshes  and  dry  land.     The  highest 
point  in  these  hills  at  present  is  about  7,400  feet  above 
sea-level.     But  when  they  were  first  uplifted  they  must 
have  greatly  exceeded  this  height,  as  they  show  marks 
of  extensive  erosion  and  wear.     The  Black  Hills  have 
a  geological  interest  as  being  the  only  upheaval  of  any 
consequence  that  occurred  in  our  own  country  in  the 
Jurassic  period.     The  local  interest  attaching  to  these 
hills  is  their  famous  history  as  the  resort  of  gold-miners 
within  a  few  years  past,  and  the  sanguinary  strifes  of 
these  miners  with  tribes  of  hostile,  copper-hued  Indians, 
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a  remnant  of  the  aboriginal  races  that  were  found  on  the 
discovery  of  America.  These  Indians  resented  the 
advances  of  civilization  made  by  the  white  man.  and 
waged  a  savage  warfare  upon  hira,  until  conquered  by 
a  superior  intelligence. 

Among  the  niollusks  of  the  Jurassic  age  were  the 
Ammonites,  a  complicated  shell  with  an  intricate  and 
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convoluted  form.  They  were  verj-  abundant,  and 
attained  a  very  considerable  size. 

The  ammonites  were  a  continuation  of  development. 
doubtless,  of  the  preceding  order,  CeralUes  nodgsui. 
They  were  a  chambered  animal,  a  cephalopod,  and 
lived  usually  at  the  bottom  of  the  sea. 

In  Fig.  42  we  have  a  restored  view  of  one  of  these 
animals  floating  gracefully  upon  the  surface  of  the  sea. 
It  is  rather  fanciful,  however,  for  the  ammonites  cou] 
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[aot  live  on  the  snriace  of  the  water.  They  dwelt  on 
''Ote  bottom. 

It  has  been  supposed  that  the  posterior  chambers, 
which  are  empty,  and  which  are  connected  by  means 
of  a  tube  or  siphiincle,  could  be  filled  with  water  by 
the  animal  at  will,  and  allow  liim  to  sink,  or  he  could 
empty  them,  and  so  rise  and  float  on  the  surface.  As 
the  animal  secretes  the  chamber-shell  successively  from 
the  small  lo  the  greater  end,  and  as  he  only  occupies 
the  greater  or  anterior  chamber,  this  view  seems  un- 
tenable. His  structiu^  and  mode  of  life  would  lead  him 
to  fix  his  habitat  on  the  sea  floor,  where  his  food  was 
alwaj-s  found.  The  siphunde  has  no  apparatus,  as  far 
as  we  can  discover,  whereby  it  could  fill  or  empty 
the  posterior  chambers.     The  fossil  specimens  I  have 

amined  in    tlie   museums  of  Europe  and  our  own 

iuntr>'  would  lead  me  to  believe  that  the  ajiimat  lived 
from  necessity  at  the  bottom  of  the  .sea.  The  empty 
chambers  served  no  purpose  whatever.  The  tentacles 
surrounding  the  mouth  of  the  ammonites  show  the 
predatory  habits  of  the  creature,  and  foreshadow  the 
cuttle-fish  and  the  octopus  of  a  later  age. 

The  method  of  development  of  the  complicated 
structure  of  the  ammonite  shell  follows  the  same  law 
that  of  ceratiles  nodosus.  The  animal  possessed  a 
T  mantle,  and  from  this  the  chambers  were  in 
turn  secreted,  iu  successive  and  concentric  layers,  the 
lime  entering  into  their  composition  being  absorbed 
from  the  sea  water  by  the  mantle. 

Another  singular  moUusk  of  the  Jurassic  age  was  the 
Belemnite,  a  rapacious  cephalopod,  which  also  lived 
at  the  bottom  of  the  sea. 

A  reference  to  Fig.  4.3  shows  us  that  this  animal 
lived  in  a  simply  formed,  straight  shell,  pointed  at  the 
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posterior  extremity,  and  open  at  the  anterior,  to  accom< 
motlate  the  manUe,  head,  and  long  tentacles  of  this 
interesting  creature. 

The  tentacles  were  highly  developed.     They 
powerful,  long,  and  fleidble,  and  served  as  prehenslsj 

Their  development  was  due  to  an  increaseti  cell 
growth  in  the  mnscnlar  tissues  of  the  tentacle,  owing 
to  uie,  which  stimulated  the  nutritive  processes  of  the 
part. 


LhisI 
reic:^ 


F(a.  43.-BELEMNITE  OF  THE  JUHASfltC  AQ6. 

The  belemnites  pos,sessed  a  curiously  formed  i 
with  an  external  orifice,  which  was  filled  with  a  blae 
liquid.  The  contractile  muscular  apparatus  of  this  si 
was  under  the  nervous  control  of  the  animal's  will,  and 
by  a  slight  compression  of  the  sac  he  could  eject  a 
quantity  of  this  inky  fluid  into  the  water.  This  served 
to  conceal  him  from  his  enemies  and  allow  his  escape. 
See  Fig.  44. 

This  device  of  a  sac  of  colored  fluid  as  a  m 
defence  has  been  preserved  tit  our  own  times,  and  \ 
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in  the  sepia  and  octopus  \'ery  markedly.  The 
:  device  is  altio  seen  in  some  terrestrial  animals, 
notably  the  skunk  ( Mephitica  mepkitinis).  but  in  this 
Knimal,  the  fluid  being  thrown  into  the  air,  is  not  dark- 
colored,  but  is  of  a  foul  odor.  It  is  a  means  of  defence 
in  both  cases. 

The  evolution  of  the  univalve  molhisks  shows  a 
striking  progress  from  the  early  lower  forms  to  the 
ceratites,  the  ammonites,  and  the  belemnites. 

In  ceratites  we  have  one  of  the  earliest  forms  of  de- 
velopment of  the  tentacle,  an  elongated,  muscular, 
prehensile  organ  or  arm,  formed  by  increased  cell- 
growth,  due  to  a  greater  flow  of  blood  to  the  parts,  and 
causing  a  greater  degree  of  nutrition  and  special  de- 
■elopment  of  an  organ  to  meet  a  higher  need  of  the 
animal. 

In  the  ammonites  we  have  the  tentacles  still  more 
highly  developed.  The  mantle  is  more  perfect  in  its 
functions,  and  lience  it  secretes  a  more  perfect  and  more 
complicated  shell.  The  extreme  activity  of  the  -secret- 
ing powers  of  the  mantle  leads  to  a  great  increase  in  the 
nze  of  the  ammonite's  shell. 

In  the  belemnites  the  shell  retrogrades  and  becomes 
more  simple  in  construction.  The  animal,  obedient  to 
liis  rapacious  nature,  pursues  his  prey  with  greater 
fiiry,  and  this  increased  activity  leads  to  au  increased 
growth  of  the  tentacles  and  a  greater  complexity  in 
their  muscular  structure,  as  well  as  a  more  highly 
developed  function. 

The  development  of  a  muscular  tentacle  as  a  prehen- 
Bile  organ  exceeded  in  the  belemnite  those  of  all  other 
ancient  univalve  animals. 

In  modern  times  we  have  several  forms  of  cephalo- 
pods  tlie  tentacles  of  which  have  been  transmitted  from 
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the  ancient  types.  In  the  common  squid  (Lolig9\ 
v^tdgaris),  whicli  is  found  plentifully  in  our  country  and  J 
Europe,  the  tentacles  are  strongly  developed.  A  strilc- 1 
ing  example  of  this  is  seen  in  a  specimen  in  the  Yale  I 
Museum  at  New  Haven.  This  is  also  true  of  the  Cuttle- 1 
^^  (  Sepia  eUgans ) .  Both  these  animals  are  univalves,  I 
and  bear  a  strong  general  resemblance  to  the  audentl 
beleranites.  They  also  have  an  ink  sac,  which  is  u 
to  di.scolor  the  water  and  facilitate  their  escape  wheiil 
pursued  by  destructive  enemies.  The  ink  is  secreted] 
by  the  lining  cell -membrane  of  the  sac,  which  has  the! 
power  to  absorb  water  and  deposit  in  it  a  large  number  I 
of  minute  pigment  cells,  which  give  it  its  intenseljTn 
black  color. 

A  species  of  cuttle-fish  of  gigantic  si» 
found  on  tlie  coast  of  Newfoundland.     Such  a 
is  shown  in  Fig,  44. 

An  animal  of  such  monstrous  size  is  an  extraordin; 
development,  under  peculiarly  favoring  circumstance8,fl 
of  the  common  cuttle-fish. 

"ttTiile  cruising  in  the  U.  S.  Ship  Ino,  near  the  Cap< 
de  \'erde  Islands,  I  saw  one  of  these  animals,  of  11 
mense  size.     It  appeared  close  to  the  ship's  side  as  w 
were  sailing  slowly  along,  and  while  I  had  % 
view  of  it,  I  could  only  approximately  estimate  itssia 
I  should  say  that  its  body  was  at  least  ten  feet  i 
length,  while  its  tentacles,  which  it  moved  freely  abt 
seemed  to  be  six  or  eight  feet  in  length.     While  1 
were  preparing  to  throw  an  "  iron"  into  it,  withaviewfl 
to  its  capture,  it  sank  below  reach,  much  to  our  regret  ■ 
It  moved  in  the  water  with  but  slight  efibrt,  and  stared! 
at  us  with  its  wide-open  and  unpleasant  eyes.     He  did  1 
not  discolor  the  water  with  hLs  ink  as  he  disappeared, 
because  he  was  not  alarmed  or  excited. 
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The  modem  octopus  is  another  univalve  cephalopoa 
of  great  size  and  enormously  developed  tentacles. 
The  shell  is  small  and  rudimentary,  but  it  is,  neverthce 
less,  a  true  univah'e. 

Size  is  only  relative,  and  if  we  compare  this  animfl 
with  his  modem  and  his  ancient  prototypes  we  shall  sei 
the  same  plan  of  construction,  the  same  habits  a 
modes  of  life,  the  difFeretices  being  in  the  varying  c 
plexity  of  the  shell,  and  of  the  development  of  thi 
tentacles  surrounding  the  animal's  head  and  motitb 
The  enormous  tentacles  of  the  octopus  are  a  continua 
tion  of  development  of  the  tentacles  of  the  Jurasri 
ceratites. 

lu  Fig.  45  we  have  a  view  of  the  modem  octopus- 

An  enonnous  specimen  of  the  octopus  is  seen  in  t 
Yale  Museum  at  New  Haven. 

The  appearance  of  the  Pterodactyl  in  the  Juras^ 
period  marked  a  new  step  in  aih'ance  in  the  evolutioT 
of  animal  life.  This  half-animal  and  half-bat  was  a 
saurian,  and  was  evolved  from  a  former  type  of  saurian. 

By  a  reference  to  Fig.  46,  we  see  a  sketch  of  thift 
creature,  so  unlike  any  of  his  contemporaries. 

It  becomes  an  intere.sting'  inquiry  how  such  i 
mal,  so  unique  and  perhaps  uncouth  in  appearance  and 
outward  form,  could  be  e\'o1ved  from  any  preceding 
form.  Such  an  inquirj'  becomes  greatly  simpliiied 
upon  examining  its  osteology.  Upon  a  close  study  of 
the  fossil  bones  of  this  animal  which  have  been  pre- 
served in  our  museums,  we  see  that  the  saurian  char- 
acters of  the  skull,  the  cer\ncal  and  dorsal  vertebracj 
the  ribs,  and  a  part  of  the  bones  of  the  legs,  have  been 
preserved. 

It  was  a  half-flying  saurian,  with  an  enormous  dfr 
velopnient  of  external  integument. 
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We  are  forced  to  believe  that  the  pterodactyl  was 
evolved  from  some  precediug  saurian  fonn,  and  it  is 
very  probable  that  such  a  saurian  form  was  the  plesio- 
saurus.  The  anatomical  changes  necessary  to  trans- 
mute a  swimming  saurian  to  a  half-flying  terrestrial 
sauriau  could  easily  take  place  in  the  lapse  of  time. 
The  plesiosaurus  gradually  found  himself  in  more  and 
more  shallow  water  and  on  extensive  marshes.  In 
order  to  obtain  sufficient  and  congenial  food,  he  must 
seek  it  amid  new  and  changed  aquatic  and  terrestrial 
conditions,  and  to  capture  it  he  must  throw  himself 
upon  it,  as  he  can  no  longer  swim  with  his  former 
facility.  'X:\i\s, /oreed  act  of  throwing  himself  gradually 
developed  his  posterior  paddles  into  a  more  leg-like 
limb,  and  his  anterior  paddles  into  a  more  arm-like 
limb.  As  he  practised  the  habit  of  throwing  his  body 
more  and  more,  together  with  a  new  and  necessary  act 
of  climbing  upon  rocks  and  low  hillocks,  and  this  in  a 
dry  air  and  strong  sunlight,  he  developed  a  greater 
growth  of  his  digital  phalanges,  as  well  as  a  finer  and 
more  flexible  external  integument.  This  would  gradu- 
ally increase  in  succeeding  and  more  favored  individuals 
until  a  tegumentary  brachial  parachute  was  finally 
formed. 

In  the  fossil  bones  of  the  pterodactyl  that  have  been 
preserved  to  us,  we  find  that  this  increased  development 
of  the  phalangeal  bones  has  actually  taken  place.  It 
has  reached  a  degree  of  extraordinarj'  growth  in  the 
fifth  digital  phalanx,  which  grew  to  a  length  sufficient 
to  form  the  frame  of  a  large  bat-like  wing. 

From  the  anatomical  structure  of  an  animal  we  can 
learn  its  habits  and  modes  of  life.  We  know,  therefore, 
that  the  unusual  growth  of  the  fifth  digital  phalanx, 
and  a  like  unusual  growth  of  the  external  integumcDtt  _ 
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could  not  fonn  a  true  wing  capable  of  supporting  the 
animal's  body  in  aerial  flight.  A  true  wing  needs  the 
support  of  the  humerus,  the  radius,  and  ulna  to  bear 
the  muscular  effort  necessary  in  fl>ing.  The  phalan- 
.geal  bones  play  an  unimportant  part.  lu  the  pterodac- 
t>'l  the  parachute  of  integument  was  supported  almost 


wholly  by  the  long  sleoder  fifth  phalaux.  It  was  then 
only  a  partial  help  to  the  animal  to  aid  him  in  gliding 
through  the  air  from  slight  elevations,  as  he  threw 
himself  upon  the  object  of  his  attack.  His  ferocious 
nature    would   lead   him,    in    his   search    for  food,   to 
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practise  this  act  of  throwing  his  body  more  and  more, 
and  tlius  develop  to  greater  perfection  the  bat-like 
tegumentarj-  expansion  that  ser\'ed  as  a  partial  wing. 
The  habit  of  the  pterodactyl  of  throwing  himself  upon 
bis  prey  was  a  matter  of  necessi£\',  for  his  tegumentary 
membrane  acted  only  as  a  parachute  and  not  as  a  wing. 

It  is  extremely  probable  that  the  pterodactyl 
progenitor  of  the  bats  which  were  e\'ol\-ed  in  ; 
age.  He  has  transmitted  tu  them  his  tegument; 
wing-membrane,  as  well  as  his  rapacious  habits, 
the  bats,  however,  all  the  digital  phalanges  have  under- 
gone an  increased  growth,  and  act  as  a  supporting 
Irame  to  the  thin  membranous  wing.  The  bats  fly 
wilh  a  quick  intermittent  motion,  and  not  with  tlie 
slower  sweep  of  the  birds.  They  use  the  thumb,  which 
is  not  developed  like  the  phalangeal  rays,  as  a  means 
of  support  in  climbing  ur  perching. 

The  pterodactyl  must  have  used  his  wing-membrane 
in  an  intermittent  manner,  and  it  is  probable  that 
he  transmitted  this  special  movement  to  the  modern 
bat. 

A  similar  act  of  throwing  the  body  upon  its  prey, 
such  as  we  believe  the  pterodactyl  to  have  had,  has 
been  transmitted  to  our  own  time,  and  is  seen  in  the 
pelican  ( Pelimnvs  mwcrotahis).  I  have  often  watched 
these  birds  in  Panama  Bay.  They  seek  their  prey  in 
the  early  morning.  They  fly  leisurely  iu  the  air  not 
far  above  the  water,  and  when  a  fish  is  seen,  they  allow 
the  wings  to  fall  neur  their  sides,  and  throw  themselves 
headlong  with  a  sudden  plunge  into  the  sea.  In  rising 
they  beat  the  air  violently  with  expanded  wings 
a  sufficient  impetus  is  acquired  to  buoy  them  away. 

The  pelican  has  a  true  wing,  and  is  capable  of 
aeijal  flight. 


The  Mesozoic  Age.  165 


As  an  example  of  the  remarkable  power  possessed 
by  a  true  wing  in  long-sustained  aerial  flight,  may  be 
mentioned  the  albatross  ( Diomedia),  While  cruising 
in  the  South  Atlantic  Ocean,  on  the  U.  S.  Ship  Ino, 
along  the  coast  of  Eastern  Patagonia  and  as  far  south 
as  Cape  Horn,  I  had  an  excellent  opportunity  of  6b- 
ser\nng  the  extraordinary  powers  of  flight  of  these 
interesting  birds. 

As  they  flew  about  the  ship  I  selected  certain  birds 
that  could  be  easily  distinguished  from  the  others 
about  them  by  certain  markings  of  color  and  by  the 
tameness  they  show  when  they  follow  a  vessel  for  any 
length  of  time,  and  then  I  carefully  watched  them  as 
they  wheeled  and  circled  about  the  ship.  As  we  were 
sailing  about  ten  miles  an  hour,  they  must  have  at 
least  gone  five  times  that  distance,  for  they  flew  round 
and  round,  then  in  advance  of  us,  then  far  astern,  but 
keeping  generally  quite  near  us.  This  would  give 
them  a  flight  of  fifty  miles  an  hour,  which  I  obser\^ed 
for  twelve  hours  of  daylight.  This  was  accomplished 
with  little  apparent  effort,  yet  the  bird  from  time  to 
time  beat  the  air  with  his  wings  to  maintain  his  speed 
and  elevation.  They  had  a  habit,  when  flying  close  to 
the  ship,  of  turning  the  head  sidewise  to  look  at  us. 
This  was  owing  to  the  fact  that  in  birds  the  optic  nerves 
cross  each  other.  The  nerve  from  the  right  optic 
tubercle  going  to  the  left  eye,  and  the  nerve  from  the 
left  optic  tubercle  going  to  the  right  eye.  They  cannot 
look  directly  ahead  owing  to  this  decussation  of  the 
optic  nerves  and  to  the  lateral  situation  of  the  eye  in 
the  head.  I  always  noticed  that  when  the  albatross 
turned  his  head  sidewise  in  this  manner  he  seemed  to 
lose  speed  a  little,  and  was  compelled  to  flap  his  wings 
slightly  in  order  to  regain  it.     This  side  movement  of 
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the  head,  together  with  the  friction  of  the  air,  tended 
to  retard  somewhat  his  aerial  motiou. 

A  few  bones  of  a  small  and  peculiar  animal  have 
been  found  in  Europe,  and  with  these  a  new  and  singtt- J 
lar  form  of  animal  life  has  been  reconstructed.     ThiM 
creature,  which  attained  only  to  the  size  of  a  laigel 
pigeon  or  common  hen,  has  been  named  the  Ram- 
phorynchus. 

Like  the  pterodactyl,  it  had  a  remarkable  develop- 
ment of  the  fifth  anterior  digital  phalanx,  which  stood  ^ 


FIO.   4?,— RAMPMOBYMCHUS. 

at  a  right  angle  to  the  body  when  the  animal  crawled 
upon  the  ground.  The  wing-like  expansion  of  the 
tegumentary  membrane  was  smaller  and  less  com- 
pletely developed  than  in  the  pterodactyl.  The  ante- 
rior and  posterior  limbs  were  long  and  slender,  and 
terminated  in  three  claw-like  toes.  As  all  animals 
have  five  phalangeal  rays  or  digits,  when  they  are  not 
seen  extenially,  as  iii  the  ramphorynchus,  we  may  con- 
clude that  the  remaining  ones  were  either  rudimentaiy  ■ 
or  concealed  within  the  external  integument, 
are  always  present,  either  as  splint  or  rudiments 
bones,  or  are  consolidated  with  the  others. 
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In  Fig.  47  we  have  an  outline  of  this  animal.  The 
body  is  decidedly  saurian  in  character,  as  well  as  the 
head  and  long  powerful  jaws,  with  their  sharp  teeth, 
which  t>etray  at  once  its  predatory  and  rapacious 
nature.  The  evolution  of  this  animal  has  fullowed 
along  the  same  line,  and  has  been  influenced  by  the 
same  causes  that  led  to  the  development  of  the  ptero- 
dactyl from  the  plesiosaurus. 

It  seems  quite  reasonable  to  believe  that  this  animal 
did  not  progress  very  farupon  the  path  of  evolution, 
and  in  the  course  of  time  became  extinct.  Neither 
was  he  the  progenitor  of  any  succeeding  forms. 

It  would  seem  that  an  animal  so  handicapped  by 
such  a  development  of  the  phalangeal  bone  would  not 
be  well  fitted  to  propagate  himself  in  the  midst  of 
dangerous  enemies,  and  would  therefore  early  succumb 
in  the  great  struggle  for  existence. 

Another  species  of  reptile  appeared  in  the  Jurassic 
period.  This  was  the  formidable  Teleosaurus,  which 
bore  a  striking  anatomical  resemblance  to  the  modem 
gavial  of  India  as  did  the  nothosaurus  of  the  Tri- 
assic  period  to  the  modem  crocodile  and  alligator. 
The  teleosaurus  was  considerably  in  advance,  in  his 
anatomical  and  physiological  development,  of  the 
nothosaurus,  and  was  without  doubt  his  successor  in 
the  scale  of  evolution.  His  premaxillary  bones,  his 
more  complete  dentition,  his  more  highly  developed 
legs,  and  his  intricate  cuiras.s-like  integument,  all 
denote  an  advance  in  the  scale  of  animal  life.  While 
the  teleosaurus,  like  all  the  ancient  saurians,  could  live 
in  the  water  and  lead  a  double  or  amphibious  life,  his 
stmcture  shows  that  he  preferred  a  terrestrial  motle  of 
existence.      His  powerful   tail  was  well  adapted   for 

rine  locomotion,  but  his  tracks  in  the  sand  show 


that  his  feet  were  also  well  adapted  for  free  movemeiiB  1 
on  laiid.     The  Itoiies  of  his  legs  show  also  a  hiKhei 
development  of  the   femur,   tibia,   and  fibula  of  Ik 
posterior  limbs,  and  of  the  humerus,  radius,  and  ulua 
of  the  anterior  limbs,  than  did  those  of  the  nothosaums. 

His  armor-like  integument  developed  as  a  result  of 
his  amphibious  existence.  A  constant  change  from  laml 
to  water,  and  the  intense  activity  of  those  animals  lead- 
ing to  greater  imtrition  of  the  external  parts  througl) 
au  increased  capillary  ciix-ulation.  would  in  the  couise 
of  time  lead  to  greater  growth  of  the  external  inlegO- 
ment. 

The  stronger  individuals  would  transmit  thetr  quali- 
ties to  their  successors,  and  thus  powerfully  aid  in  llie 
perpetuation  and  continued  growth  of  this  special  tegO- 
meiitous  covering. 

lu  Fig.  48  we  have  a  good  view  of  this  animal  as  he 
appeared  in  that  long-past  age. 

The  great  saurians  thus  far  described   were  either 
swimming  or  amphibious,  lizard-like  animals  of  large 
size  and  of  a  ferocious  and  predator)-  nature,  the  true 
characteristics  of  that  special  fonn  of  reptilian  life.   The 
later  forms,  notably  the  teleosaurus,  li\'ed  and  moved 
upon  the  land  as  well  as  in  the  water,  but  all  depended 
upon  the  sea  for  their  subsistence,  and  all  found  a  con- 
genial habitat  in  the  shallow  seas  and  on  the  great  ■ 
marshes  of  the  Triassic  and  Jurassic  periods.     White 
isolated  regions  of  dry  and  ele\-ated  land  were  seen  hei 
and  there,  yet  the  vast  areas  of  what  now  constituteB  ■* 
North  and  South  America,  and  of  Europe.  Asia,  Afri- 
ca, and  Australia,  all  of  which  were  then  continuous 
and  connected  over  the  whole  of  the  north  polar  region, 
were  either  partially  submerged  or  existed  as 
spreading  level  marshe.s  or  lowlands. 
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We  may  inquire  what  spectacle  the  surface  of  the 
I  earth  presented  at  the  close  of  the  Jurassic  period,  and 
I  the  reason  of  the  inquiry  is  that  no  new  forms  of  true 
Kniirian  life  of  any  importance  appeared  after  that 
^{•eriod.     In  the  following  geological  div 


i  Cretaceous  period — a  more  advanced  fonu  ol"  life 
^pcared — namely,  the  herbivorous  saurians.  Geol- 
ogy has  given  us  an  exact  answer  to  our  query.  As 
the  Jurassic  perioci  drew  near  its  close  the  surface  of  the 
earth  presented  a  view  of  partially  formed  continents 
pnore  or  less  connected  and  encompassed  by  seas  of  fresh 
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water,  which  were  shallow  near  the  shores  but  of  i 
reraarkably  unifonn  and  stable  depth  at  a  distance  fton; 
the  continental  shore-lines.  The  sea  and  the  air  wen 
equably  and  universally  wann  and  quiescent.  The 
whole  surface  of  the  earth  enjoj'ed  a  uniformly  wsni] 
temperature.  The  smi  shone  upon  the  earth  through  a 
clear  air,  and  through  his  influence  of  evaporation  ind 
precipitation  of  moisture  copious  rains  fell  in  showed 
over  the  land.  Few  if  any  rivers  existed,  certainly 
none  of  any  considerable  size.  Great  forests  covering 
extensive  tracts  grew  luxuriantly.  Most  of  the  trees 
were  of  a  species  unknown  in  our  times.  Rising  above 
the  great  marsh  and  forest  levels  were  the  Laureiitiaii 
Hills,  already  old.  aud  the  younger  Black  Hills  of  Da- 
kota—islands in  the  midst  of  the  sea.  Isolated  eleva- 
tions occurred  here  and  there  in  Europe,  as  the  Jura 
Mountains  in  Switzerland,  but  none  of  the^rett/  moun- 
tain chains  had  raised  their  towering  summits  abo^'e 
the  monotonous  level.  The  Himalayas,  tlie  Andes,  and 
our  own  Rocky  Mountains  were  then  unborti. 

Great  reptiles,  fierce  and  rapacious,  were  the  undis- 
puted masters  of  the  sea,  and  swarmed  in  great  num- 
bers along  the  extensive  coasts. 

The  ammonite  and  the  belemnite  shared  the  seas  with 
^U  the  great  saurians.     These  fierce  univalves  with  their 

^1  long  powerful  tentacles  presented  a  threatening  aspect  as 

^1  they  ranged  the  coasts  in  pursuit  of  their  prey.    A  vast 

^1  number  of  mollusks,  both  bivalves  and  univalves,  were 

^1  to  be  found  along  the  silent  shores  of  that  ancient  world. 

^H  Crustaceans  not  unlike  our  modern  lobster  inhabited 

^1  watery  nooks  and  caves  on  those  ancient  coasts,  aud  a 

^1  fe\v  insects  made  their  uncertain  way  in  the  air.     No 

^B  bright-colored    and  fragrant  flowers  ornamented   the^ 
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Such  was  the  aspect  of  the  earth  at  that  time,  could  we 
r  hire  been  there  and  have  seen  it  with  oiir  material  eyes. 
I  Yet  viewing  it  with  a  retrospective  mental  glance  we 
e  it  just  as  clearly  and  as  accurately  as  though  we 
I  iad  actually  visited  it  in  person  and  beheld  the  strange 
I'pBJioTama  as  it  stretched  away  before  our  wondering 

In  the  Triassie  period  and  far  into  the  Jurassic  the 
"  j[ieat  marine  carnivorous  saurians  had  risen  to  the 
highest  point  of  their  development.  That  geological 
age  has  been  well  called  the  age  of  reptiles.  Those 
fierce  and  mighty  fonns  of  reptilian  life  would  appear 
strange  to  our  e>-es  could  we  see  them  to-day.  We 
might  be  inclined  to  call  them  monsters,  did  we  not 
remember  that  they  were  examples  of  a  tremendous 
exuberance  of  the  development  of  that  si)ecial  form  of 
animal  life  under  exceedingly  favoring  conditions. 

At  the  close  of  the  Jurassic  period,  however,  these 
animals  began  to  decline,  until  in  a  then  not  far  dis- 
tant age  they  finally  disappeared.  As  their  evolution 
and  development  from  a  preceding  lower  form  of  life 
was  the  subject  of  our  study,  it  may  be  interesting  to 
know  why  they  disappeared,  and  why  they  did  not  con- 
tinne  on  in  thdr  strong  and  vigorous  life  and  so  per- 
petuate themselves  to  our  own  time.  We  have  already 
said  that  certain  forms  of  life  followed  out  certain  lines 
of  development  through  great  intervals  of  time,  and  so 
perpetuated  their  species  to  modern  times  with  but 
slight  changes  or  variations  of  form. 

It  is  undoubtedly  true  that  the  nothosaurus  and  the 
teleosaurus,  both  true  lizard-like,  amphibious  reptiles, 
have  followed  out  long  lines  of  development,  and  have 
transmitted  themselves  with  some  modifications  to  our 
a  times,  and  have  given  to  us  as  their  successors  the 
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crocodile,  the  gavial,  and  the  alligator,  as  well  as  the 
more  dimiuutive  land  lixards. 

The  ichthyosaurus,  the  plesiosaurus,  the  labyrintho- 
doii,  the  pterodactyl,  the  ramphoryuchus,  and  sunn 
lesser  important  forms Iiave l>een  theprogenitorsof,  ami 
have  transmitted  some  of  their  qualities  to,  other  fonu: 
of  animals,  as  we  have  already  seen,  and  they,  finding' 
themselves  surrounded  by  new  conditions  of  life. 
assailed  by  newer  and  more  active  enemies,  gradually 
suffered  a  decline  which  went  on  to  ultimate  extinc- 
tion. In  the  Cretaceous  period,  the  land  underwent 
some  changes  of  level,  and  of  upheaval  and  submersion, 
which  were  unfavorable  to  the  development  or  to  eren 
the  continuance  of  reptile  life,  and  so  these  extraordi- 
nary reptiles  found  themselves  confronted  with  the 
sharp  edge  of  new  and  hostile  conditions  that  led  to 
their  final  decay. 

They  arose  in  obedience  to  the  advancing  law  of 
evolution,  and  having  reached  the  climax  of  develop- 
ment, and  fulfilled  all  its  conditions,  they  succumljed. 
and  were  succeeded  by  animals  more  highly  advanced 
in  the  great  scale  of  life,  and  better  fitted  to  continue 
the  law  of  higher  development. 

As  Ihe  Jurassic  period  drew  near  its  close — an  age  so 
fiill  of  zoological  interest,  and  an  age  that  marked 
many  changes  in  the  earth's  surface — the  great  marine 
sauriaiis  suffered  so  marked  a  decline  that  it  was  called 
the  close  of  the  age  of  reptiles. 

Other  reptilian  fonns  appeared  in  the  succeeding  age 
which  showed  a  considerable  advance  in  development 
over  those  passing  away.  In  the  place  of  the  marine 
carnivorous  saurians  then  beoming  extinct,  appeared 
others  wholly  terrestrial  in  their  habits  and  modes  of 
life.     They  were  herbivorous  saurians,  or  a  form  of  an^ 
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mal  that  was  decidedly  satihan  in  many  ot  its  char- 
acteristics, but  still  pointing  upward  to  features  that 
were  strongly  mammalian. 

The  progress  of  animal  life  was  rapidly  onward.  It 
is  a  long  stride  from  a  marine  saurian  to  a  saurian 
wholly  terrestrial,  and  the  change  required  many  ages 
for  its  accomplishment.  The  former  is  carnivorous,  the 
latter  herbivorous,  but  both  retain  the  saurian  ferocity 
of  nature  and  predatory  habits.  The  latter  is  of  a  more 
advanced  type,  and  is  a  grade  higher  in  the  scale  of 
life.  He  is  also  the  progenitor  of  the  marsupials,  those 
intermediate  links  in  the  chain  of  evolution  between 
the  saurians  and  the  mammalians. 

The  marsupial,  in  his  turn,  becomes  the  progenitor 
of  the  true  mammal,  and  while  none  had  then  ap- 
peared, we  may  say  that  he  stood,  as  it  were,  at  the 
dawn  of  their  existence,  and  foreshadowed  their  coming. 
He  was  the  first  of  the  warm-blooded  animals,  and 
brought  forth  the  young  alive,  although  only  partially 
developed. 

This  was  the  beginning  of  viviparous  propagation. 

Hitherto  all  the  fishes  and  reptiles  had  propagated 
their  species  by  eggs.  They  were  oviparous  animals. 
The  female  produced  the  eggs,  which  were  fecundated 
through  the  agency  of  the  males,  except  in  the  earlier 
forms  of  animal  life  where  both  sexes  were  combined 
in  the  same  individual. 


CHAPTER  VIII. 


MKSOZOIC  AGE:— THE  AGE  OF  REPTILES.   THE 
CRETACEOUS   PERIOD. 


Decline  of  mariue  reptiles — Changes  in  llie  air  and  tliccnnli 
—Change  of  flora — Palms— Oak— Maple— Beech— Poplw 
— Fruits  — Hyla;osauTus  —  Dinosaurs  —  Mosasaurs  —  PWro- 
saurus,  or  flying  licard — Iguanodon^Mcgalosaurua — De- 
velopment of  the  sacrum  and  of  the  pelvis — The  pelvic 
arch — Formation  of  Bcetabulum — Hamilt'S — Pema  muUeti 
— Scaphites — Crioceras — Ancy loceraa — Sharks — Great  con- 
tinental archipelagoes — Observations  on  Ibe  extinction  of 
saurian  life — The  earth  as  it  then  appeared — Odontomitbes, 
or  birds  with  teeth — Hesperomis — Ichtbyomis — Ceratop- 
sidK — Triceratops  llabellatns. 


The  third  subdivision  of  the  Mesoroic  age — naind] 
the  Cretaceous  period — followed  the  Jurassic  in  an 
orderly  and  sequential  succession.  Its  special  gt-ologi- 
cal  characteristic  was  the  formation  of  chalk  or  car- 
bonate of  lime  in  vast  beds,  occtirring  principally  in 
the  State  of  Dakota  to  the  eastward  of  the  Black  Hills, 
where  they  extend  for  a  distance  of  four  hundred  miles 
along  the  Missouri  River.  These  chalk  beds  are  of 
moderate  elevation,  and  were  deposited  in  the  warm, 
fresh  seas  of  the  lower  Cretaceous  period  while  the 
Black  Hills,  great  isolated  i.slamls,  stood  like  vast  and 
silent  sentinels  over  tlieni.  They  were  contemporaneotL" 
with  the  chalk  deposits  of  England,  where  it  formed 
great  cliffs,  which   are  so  conspioious  an  object 
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approacimg  them  from  the  Channel  or  the  German 
Ocean. 

In  the  north  of  France  the  chalk  deposits  are  also 
very  extensive,  where  they  form  long  and  rounded 
ranges  of  hills,  running  parallel  to  each  other,  with 
regular  intervening  valleys.  The  railway  from  Havre 
lo  Paris  pierces  a  numlier  of  these  chalk  ridges  iu 
succession,  at  nearly  right  angles  to  their  trend. 

Specimens  of  this  chalk,  which  I  procured  from  the 
sides  of  one  of  these  tunnels,  compared  with  specimens 
from  near  Dover,  England,  and  from  Dakota,  show 
them  all  to  be  calcium  carbonate,  made  up  largely 
of  minute  marine  mollusks.  The  cretaceous  deposits 
occur  also  in  Denmark  and  in  Sicily,  but  are  less  exten- 
sive than  in  our  country.  In  Fig.  49  is  seen  a  specimen 
of  chalk  from  France,  magnified  under  the  microscope, 
showing  these  minute  shells. 

Mostof  these  mollusks  are  very  minute  in  size;  some 
of  them  ate  only  composed  of  a  single-celled  calcareous 
shell,  while  others  are  of  an  exceedingly  complex  struc- 
ture. All  of  them  that  I  have  examined  under  the 
microscope,  with  a  sixth  and  tenth  objective,  arc  uni- 
valves, and  every  variety  of  these  little  shells  has 
undoubtedly  been  secreted  by  the  mantle  of  the  animal. 
These  univalve  cephalopods  and  gasteropods  of  the 
microscopic  world  were  identical  in  construction  with 
the  larger  ones  already  studied.  Many  of  them  were 
chambered  shells  like  the  ammonites,  some  were 
pointed  at   the  apex  hke  the   belemnites,  and  were 

o  doubt  minute  tentaded  cephalopods  like  them,  hav- 
;  the  same  habits  and  motles  of  life  on  a  smaller 
These  microscopical  creatures  presented  a  great 
Ih'ersity  of  shape,  and  followed  the  same  law  of  devet- 
qtment    as  their    more   fonnidable    brethren.      They 
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were  sufficiently  numerous  to  form  the  vast  chalk 
deposits  already  described  in  our  own  country  and 
Europe.  This  is  one  of  the  first  instances  of  the 
enormously  prolific  development  of  tbe  lower  and 
minute  forms  of  life.     Many  millions  of  individual- 


are  produced,    while  comparatively  few  reach  niatun 
development,  ur  attain  to  even  average  longevity.  ' 

We  lia\-e  seen  that,  as  the  Jurassic  [wriod  dased,  the 
age  of  true  reptiles  closed  with  it.  No  new  marine 
reptilian  fonns  appeared.  Those  then  existing  reached 
the  highest  point  in  the  period  of  their  evolution  and 
growth,  and  then  l>cgan  slowly  todecline.  With  these 
changes  in  reptilian  forms  we  also  see  that  a  marked 
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change  occurred  in  the  flora  of  this  epoch.  Many 
of  the  older  plants  of  the  Carboniferous  age  began 
to  pass  away,  and  newer  species,  many  of  them  des- 
tined to  survive  to  our  own  time,  appeared  in  their 
stead.  The  Carboniferous  forests  were  composed  of 
porous,  cellular,  and  rapidly  growing  trees.  These 
were  being  gradually  replaced  by  those  of  a  slower 
growth  and  more  compact  structure. 

The  great  modem  group  of  trees  belonging  to  the 
order  of  the  Ang^osperms,  or  those  having  the  seed 
enclosed  in  a  pericarp  or  external  covering,  made  their 
appearance. 

This  interesting  group  comprises  trees  of  modem 
times  with  which  our  eyes  are  familiar,  and  which 
adorn  our  landscapes.  The  beautiful  oak,  the  maple 
and  willow,  poplar,  beech,  and  some  kinds  of  fruit- 
trees,  are  well  known  examples.  These  forms  of  plant 
life,  so  different  in  texture  from  those  that  preceded 
them  in  the  earlier  ages,  were  the  result  of  a  greater 
amount  of  sunlight,  a  dryer  and  clearer  atmosphere, 
and  a  dryer  and  more  elevated  soil.  These  were 
powerful  factors  in  producing  a  more  closely  organized 
woody  fibre,  and  caused  a  slower  growth  and  a  more 
compact  arrangement  of  the  cells  forming  the  ligneous 
tissues. 

Meteorological  and  terrestrial  changes  cause  a  change 
of  form  and  texture  in  plant  life.  In  the  Carboniferous 
period  the  land  was  low  and  swampy ;  the  air  was 
cloudy,  and  contained  a  large  amount  of  carbonic-acid 
gas.  Rains  fell  in  abundant  showers,  and  the  tempera- 
ture was  torrid.  Under  such  conditions  vegetation  was 
stimulated  to  rapid  growth,  and  rapidly  growing  plants 
are  usually  cellular  and  porous  in  texture.     The  trees 

of  that  epoch  were  of  that  loose  texture  and  porous 
12 
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character.  But  in  the  Cretaceous  period  the  terrestrial 
and  atmospheric  conditions  were  changed.  The  air 
was  clearer  and  less  humid.  A  warm  uniform  tem- 
peratnre  still  extended  over  the  whole  of  the  earth's 
surface.  The  copious  rains  continued,  stimulated  by 
the  evaporating  effect  of  warm  sunlight,  and  the  ground 
was  dryer  and  less  swampy. 

Plant  growth  was  less  energetic,  and  a  slower  growdt 
means  a  more  dense  and  compact  texture  of  woody 
tissue.  As  the  plant  grew  more  slowly,  and  in  a  dryW 
soil  and  clearer  atmosphere,  the  plant-cells  were  n 
densely  packed,  and  this  formed  a  ligneous  fibre  of  « 
closer  grain  and  a  more  durable  character. 

In  the  Cretaceous  period  there  appeared  besides  the 
trees  just  described  the  first  of  the  Irue  palms. 

We  have  already  seen  that  the  arborescent  ferns  cf 
the  Carboniferous  period  were  strikingly  like  palms  ii 
general  appearance,  and  there  cau  be  little  doubt  that 
the  tree  ferns  of  that  epoch  became  the  palms  of  the 
Cretaceous  period.  In  Fig.  50  we  see  these  fosnl 
palms  restored  ;  and  the  same  varietj-  of  palm  tree  h. 
come  down  to  our  own  time. 

If  tlie  palms  of  that  age  approximate  to  those  of  01 
own  era,  we  cannot  say  the  same  of  the  animal  world. 
The  earth  was  still  tenanted  by  reptiles,  those  great 
marine  saurians  of  carnivorous  habits  that  dwelt  in 
the  sea  and  preyed  upon  other  marine  animals.  In 
the  course  of  time,  however,  some  of  them  suffered  a 
change  in  configuration  and  modeof  life,  which  change 
was  induced  by  an  individual  now  and  then  finding  a 
congenial  habitat  upon  the  dry  land,  and  slowly,  little  . 
by  tittle,  he  acquired  a  habit  of  feeding  upon  the  r 
and  tender  foliage  that  grew  so  abundantly  c 
where  about  him.     Such  a  chauge  in  tlie  mode  < 
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of  these   great  animals,  however  gradual,  would  be 
transmitted  to  their  successors,  aiid  after  a  long  period 
of   time  induced  changes  of  Ixxlily  structure  of  an 
anatomical  and  physiological  character.     The  methocl  J 
of   feeding  upon   nutritious    foliage  easily  obtained,! 
tended  through  disuse  to  shorten  the  long  formidable  I 
jaw  tliat  was  formerly  so  necessary  to  the  needs  of  ■  J 
marine  carnivorous  reptile  who  was  compelled  to  main-  \ 
tain  a  fierce  struggle  for  existence  against  oowerful  atul'fl 
dangerous  rivals.     The  shortened  jaw  also  required  the>^ 
development  of  a  different  growth  of  the  teeth,  betterl 
adapted  to  the  mastication  of  vegetable  food. 

As  the  reptile  began  his  new  mode  of  life  by  moving 
about  on  the  land  in  search  of  hi.s  new  kind  of  food, 
his  limbs  were  from  necessity  stimulated  to  greater  and 
more  perfect  growth.     Ample  food  causes  ample  uutri-  j 
tion  and   a  richer  supply  of  nourishing  blood.      TheT 
exercise  of  moving  over  the  land  induces  a  detemiina-J 
tion  of  blood   to  the  parts  thus   exercised,   and   thel 
deposit  of  cellular  materials  fitted  to  make  bone  andl 
muscle.     Hence  the  ini[ierfect  legs  of  the  nothosaum 
would  under  the  influences  of  these  new  conditions! 
become  the  more  perfect  leg.s  uf  a  more  advanced  type  \ 
of  animal  life  that  made  its  appearance  in  theCrcta-r 
ceous  period— namely,  the  Hylxosaunis. 

In  Fig.  51  we  see  this  animal  restored. 

The  bones  of  this  animal  ha\-e  lieen  found  in  severalJ 
localities  in  our  own  country  and  in  Europe,  and  froAS 
them  the  form  has  been  restored  with  as  much  £deli^ 
as  though  the  creature  stood  Iiefore  us  to-day. 

It  will   Iw  seen    that    the  hylieosaurus  retains  t 
scaly,  pachydermatous  integument  and  powerful  taid 
of  the  marine  saurians,  showing  lie  is  a  saurian  hiu 
self,  but  a  long  step  in  advance  of  his  predec 


7he  Mesoaoic  Age. 


His  legs  have  undergone  a  change  of  growth  and 
are  more  highly  developed.  The  bones  are  more  like 
those  of  a  locomotory  than  a  swimming  hmb,  and 
although  still  retaining  reptilian  characters,  are  more 
free  iu  their  movemenLs,  permitting  the  animal  to  walk 
about  with  ease  on  dry  land. 

It  will  be  noticed  that  the  long,  pointed,  and  pre- 
hensile jaw  and  sharp  conical  teeth  of  the  marine 
reptiles  have  become  changed  to  the  shorter  and  more 
rounded  maxitlEe  of  a  land  animal.  As  he  is  a  vegeta- 
ble feeder  he  no  longer  has  need  to  seize  and  hold  his 


I  prey  with  his  elongated  jaws  and  formidable  teeth,  and 
ao  Ihey  undergo  a  change  and  become  atrophied,  and 
are  replaced  with  a  shorter  jaw  and  teeth  fitted  for  an 
herbaceous  diet. 

The  hyljeosaurus  is  an  herbivorous  reptile  subsisting 
wholly  upon  vegetable  food.  Like  the  marine  sauri- 
ans,  he  propagates  himself  by  eggs,  for  he.  like  them, 
is  an  oviparous  animal.  His  higher  anatomical  struct- 
ure and  more  complete  osseous  development  plainly 
foreshadows  a  type  of  animal  of  a  more  special  organi- 
zation in  the  scale  of  evolution.  It  is  very  probable 
that  he  was  the  progenitor  of  some  of  the  great  land 
Tiivor^  that  appeared  in  a  subsequent  epoch. 
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At  this  period  of  the  earth's  historj-  some  of  the 
great  sauiians  found  a  more  congenial  habitat  in  re 
gions  that  are  now  known  as  Europe  and  Asia,  while 
others  lived  by  preference  in  what  has  since  become 
America.  The  ichthyosaurus  and  the  plesiosauras 
flourished  more  abundantly  in  European  regions.  The 
Dinosaurs  found  congenial  conditions  of  life  in  our 
own  countr>-.  where  during  the  ages  of  the  Cretaceous 
period  they  reached  the  highest  point  of  their  develop- 
ment. They  were  truly  termed  the  "  terrible  Vaax^ 
and  they  must  have  been  a  formidable  foe  to  other 
more  defenceless  animal  forms.  The  dinosaurs  are 
especial  interest  to  the  anatomist.  They  were  of  large 
size,  and  all  of  them  walked  on  their  posterior  Itmbs, 
seldom  bringing  the  anterior  limbs  to  the  ground. 
Although  tliey  were  reptiles  they  show  some  aflinities 
to  birds  which  appeared  in  a  later  age.  It  is  probable 
also  that  they  were  the  progeniton*  of  the  marsupials. 

Diu^ing  the  Cretaceous  period  a  great  saurian  form 
developed  rapidly  and  attained  enormous  proportions. 
This  was  the  Mosasaurus.    He  was  a  »«ar/«<r  saurian, 
and  while  he  sprang  without  doubt  from  the  tiothosaa-  j 
rus,  he  did  not  reach  his  highest  point  of  devetopmentl 
until  the  Cretaceous  period.  m 

In  the  great  inland  Cretaceous  sea,  before  the  Rocky 
Mountains  were  lifted  above  the  water  level,  this  fero- 
cious monster  reigned  supreme.  He  reached  a  length 
of  sixty  feet,  and  skeletons  of  this  size  have  been  found 
in  our  Westeni  countrj-.  The  long  ages  of  the  Creta- 
ceous period  gave  him  ample  time  to  develop  to  this 
great  size.  As  this  inland  sea  I}ecame  slowly  filled  up, 
and  subsequently  elevated  into  mountain  chains,  the 
mosasaurus  found  himself  confronted  with  new  condi- 
ttoos  of  life  that  led  to  his  fivial  extinction.     He  lived 
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J  died  solely  in  our  own  country.     He  was  a  swim- 

ing  lizard  with  four  well  developed  paddles,  and  was 

refore  a  wholly  marine  animal. 
[  The  F*terosaurus,  or  flying  lizard,  was  one  of  the 
interesting  reptiles  of  the  Cretaceous  period.  He 
iffered  essentially  from  the  pterodactyl,  which  flour- 
iied  almost  exclusively  in  European  regions,  in  the 
stire  absence  of  teeth.  It  is  veiy  probable  that  the 
ptenosaurus  descended  from  the  earlier  pterodactyl,  and 
in  the  newer  and  more  favorable  conditions  of  the  earth 
he  easily  developed  to  a  greater  size  and  more  special 
organization.  He  had  a  wing  membrane,  but  it  was 
more  perfectly  developed,  and  hence  he  was  able  to  fly 
with  greater  ease  and  precision.  He  was  a  veritable 
dragon,  with  a  spread  of  wing  of  from  ten  to  twenty- 
five  feet.  It  is  believed  that  the  pterosaurus  was  the 
progenitor  of  some  of  the  birds.  As  the  Cretaceous 
period  closed  he  became  extinct,  and  left  us  his  fossil 
remains  in  several  localities  of  our  Western  country. 

The  Cretaceous  period  was  rich  in  the  great  forms  of 
animal  life,  and  among  them  appeared  that  strange 
creature  known  as  the  Iguanodon,  Fig.  52.  This  ani- 
mal was  an  herbivorous  saurian,  and  one  of  the  largest 
and  most  formidable  of  all  of  those  ancient  monsters. 
While  he  differed  in  many  important  respects  from  all 
Other  saurians,  he  was,  nevertheless,  decidedly  reptilian 
ID  character. 

His  fossil  bones  that  have  been  preserved  to  ns  show 
that  he  was  an  animal  of  great  size,  with  a  length  of 
Ixjdy  of  probably  not  less  than  twenty  feet,  exclusive 
of  his  long  pointed,  tapering  tail. 

His  legs  were  shorter  than  those  of  the  hylseosaunie 
and  belonged  more  to  the  reptile  tlian  the  mammal, 
yet  he  was  terrestrial  in  his  habits  and  could  move  about 
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■with  ease  upon  the  land.  His  head  and  jaws  were  short 
and  rounded,  and  his  teeth  were  fitted  for  a  diet  of 
Vegetable  matter.  Upon  his  nose  he  carried  a  horn  of 
osseous  construction  which  grew  out  of  hia  pre-maxil- 
lar>-  bone.     He  y^as  a  pachyderm. 

It  would  seem  tliat  an  animal  of  the  fonn  of  the  igua- 

nodon  was  an  instance  of  what  may  be  termed  the 

divergence  of  fonn  from  other  animals  having  in  the 

Bi£rst  instance  similar  qualities.     The  hylaeosanrus  and 

^■Pie  iguanodoii  undoubtedly  sprang  from   a  common 

^pbaurian  stock,  aud  throughout  their  entire  career  pre- 

^ serve  reptilian  characters.     But  in  the  course  of  time 

they  show  points  of  divergence,  although  both  had  a 

similar  environment.    Slight  causes  would  induce  slight 

changes,  and  iu  time  these  changes  nece,s.sarily  led  to 

considerable  differences,    both    in    outward    fomi    and 

habits.     These  differences  again  would  Ise  trau.smitled 

to  their  oflspring,  and  in  this  way  an  individual  with 

new  characteristics  won  id  be  formed. 

Another  divergence  of  reptilian  form  may  be  seen  in 

^Jhe  Megalosaurus,  Fig.  52,  which  also  flourished  in 

^Hie  Cretaceous  period.     In  this  animal,  still  a  reptile, 

^^■e  see  the  reptilian  jaws  and  teeth,  showing  it  to  be  a 

^EBmivorous  saurian,  although  living  exclusively  upon 

the  land.     We  see  the  reptilian -like  head  of  the  notho- 

saums,   but   its  existence  on   dr>'  land  has  caused  a 

rapid  development  of  the  lx>dy  towards  a  mammalian 

Ltype.     Its  limbs  are  passing  beyond  the  reptile  stage, 

Kud  owing  to  its  eager  aud  active  life  as  a  camivora 

Jrfliey  are  developing  into  a  true  leg  fitted  for  active 

locomotion  on  land. 

Habits  of  life  determine  lo  a  considerable  extent  the 

development  of  limbs,  and  the  special  development  of 

tnbfi  often  determines  habits    of  life.       The   megalo- 
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saurus,  although  a  reptile,  by  his  carnivorous  instincB 
is  led  to  pursue  liis  prey,  and  this  requires  activity  of 
movement.  This  activity  leads  to  a  more  complete 
development  of  the  bones  of  the  legs  through  increased 
nutrition,  as  we  have  already  seen,  and  as  a  resnit  wt 
have  an  increased  growth  of  the  humerus,  radius, 
ulna,  and  bones  of  the  foot  in  the  anterior  limbs,  and 
of  the  femur,  tibia,  fibula,  and  bones  of  the  foot  in  the 
posterior  liiubs.  Disuse  of  the  tail  leads  to  its  atrophy, 
and  in  Ibis  animal  the  caudal  vertebrae  are  but  slightly 
developed.  The  pachydermatous  integument  is  dis- 
posed in  rhomboidal  plates,  and  we  here  see  the  fore- 
shadowing of  the  rhinoceros  and  the  hippopotamus  of 
modem  times. 

In  Fig.  52  we  have  a  restored  view  of  the  iguanodon 
and  the  megalosaurus. 

In  these  two  saurians,  and  the  hylaeosaunis  also  of 
the  Chalk  era,  we  have  a  considerable  advance  in  thdr 
special  anatomy  over  those  saurians  of  a  previous  age. 

As  they  were  terrestrial  saurians,  and  moved  about 
on  the  laud,  the  loose  articulation  of  the  posterior  limha 
with  the  vertebral  column,  which  was  all  that  \ 
necessary  in  a  swimming  saurian,  was  no  longer  ade- 
quate for  the  higher  grade  of  movement  of  these 
animals.  Hence  a  change  occurred.  At  the  point  (rf 
contact  of  the  head  of  the  femur  with  the  posterior  part 
of  the  vertebral  column  the  increased  strain  on  the 
vertebrae  induced  by  the  efforts  of  walking  brought 
about  an  increase  of  growth  of  those  bones,  and  in  time 
they  coalesced  and  formed  the  sacrum.  Usually  five  of 
these  vertebrie  united  in  this  way,  and  formed  the  bass 
or  keystone  of  the  sacniiu,  which  was  one  of  the  earliest 
processes  in  the  formation  of  a /c/i'«.  As  the  posterior 
_^  limbs  acquired  a  greater  mobility  in  locomotion,  tlM 
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of  the  femur  woald  require  a  firm  point  of  sup- 
and  in  its  upward  thrust  against  the  now  consoli- 
dated lumbar  vertebras  it  would  form  for  itself  iu  the 
bone  a  cavity  in  which  it  could  freely  move  in  its 
efibrts  of  walking.  In  this  way  the  first  acetabulum 
Voi]Id  be  formed,  a  cavity  iu  the  pelvic  boue  that  has 
been  a  permanent  inamraaliaii  feature  ever  since. 

As  these  animals  continued  to  advance  in  develop- 
ment, and  as  their  terrestrial  mode  of  life  led  them  to 
freer  and  more  energetic  movements,  the  solidified  bones 
of  the  sacrum  would  extend  uew  points  of  ossification, 
and  project  on  either  side  until  these  projections  gradu- 
ally united  in  the  anterior  median  line,  and  formed 
the  fie/vic  ank.  We  have  then,  in  these  animals,  the 
first  of  the  series  having  a  true  pdvis.  This  structure 
places  tliem  far  in  advance  of  any  previous  animal 
organism,  and  leads  rapidly  to  the  next  grade  in  the 
upward  series  in  animal  evolution — namely,  the  mar- 
supials. 

The  Cretaceous  period  closed  with  a  vast  number  of 
living  organisms  swarming  in  its  congenial  seas,  or 
revelling  upon  its  luxuriant  land. 

The  ammonites,  which  in  their  earliest  times  were 
modest  in  size,  now  grew  to  enormous  proportions 
nuder  the  favoring  conditions  of  the  Cretaceous  oceans. 
They  have  been  found  iu  several  localities  in  our  own 
countrj-,  and  also  in  Europe,  measuring  three  feet  in 
diameter.  These  animals  possessed  enormous  power 
tnd  vitality  to  enable  them  to  secrete  so  great  a  quan- 
tity of  lime  and  elaborate  it  into  a  shell  of  such  massive 
Rtid  complex  proportions. 

A  singular  species  of  cephalopod  called  Hamites, 
from  kamus  a  hook,  has  been  found  in  considerable 
numbers   in    the   Cretaceous    deposits.     This   animal, 
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which  was  a  predaceous  and  teutacled  mollusk,  attained 
a  large  size,  and  its  shells  have  been  found  over  quite 
extended  areas  both  here  and  in  Europe. 

It  seems  to  be  another  instance  of  the  divergence  <A 
fonii  of  other  animal  organisms.  It  is  more  elaborate 
in  its  shell  markings  than  the  bclemnites,  and  less 
complex  and  convoluted  in  its  structure  than  the 
ammonites. 

Like  them,  it  was  a  marine  cephalopod.  and  its 
structure  shows  that  it  must  have  lieen  armed  with 
muscular  tentacles,  and  hence  was  of  a  predaloiy 
nature.     It  has  I>een    found  from  four  to  six  feet  in 


lengUi,  in  extreme  cases,  but  most  of  them  are  .smaller^ 
and  partially  coiled,  and  ccwered  on  its  peripheral' 
aspect  with  seniicircuhir  rounded  ridges  of  shell,  whidi'' 
were  secreted  by  the  mantle  of  the  animal.  In  Fig.  53, 
we  see  the  sliell  of  one  of  these  creatures. 

A  great  numljer  of  mollusks  were  in  existence  in  tliC 
CretaceoHs  period.  Among  those  most  important 
the  Perna  muUeti,  a  !arge  and  complicated  bivalve^ 
which  was  so  plentiful  that  the  fossil  shells  hai 
formed  extensive  beds. 

The  Scaphites,  or  boat-shajwd  shells,  were  also  voj 
abundant. 
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The  Crioceras  and  the  Ancyloceras  were  some- 
what club-shaped,  and  resembled  the  hamites  in  being 
partially  coiled  and  having  spiral  ridges.  These  are  no 
doubt  similar  to  the  ammonites,  except  they  are  only 
partially  coiled. 

The  great  profusion  of  forms  that  existed  show  how 
prolific  molluscan  life  was  in  the  favorable  conditions 
that  prevailed  at  that  time. 

Many  sharks,  and  a  considerable  number  of  fishes, 
swarmed  in  the  Cretaceous  seas,  as  well  as  crustaceans 
and  crinoids. 

It  is  believed  by  geologists  that  in  the  Mesozoic  era 
the  dry  land  of  North  America  and  a  large  part  of 
South  America  existed  very  nearly  as  it  does  now,  with 
the  exception  of  the  Andes  and  Rocky  Mountains, 
which  were  uplifted  at  a  later  period. 

The  Laurentian  Hills  stood  firm  and  unchanged, 
while  away  to  the  north  and  thence  over  the  great 
areas  now  known  as  Europe,  Asia,  Africa,  and  Aus- 
tralia stretched  one  vast  archipelago,  which  has  since 
undergone  many  violent  changes  of  uplift  and  sub- 
mergence, until  the  great  continents  of  the  Eastern 
Hemisphere  were  finally  shaped  as  they  exist  to-day. 
There  is  no  doubt  that  from  the  very  first,  when  the 
low  line  of  the  I^aurentian  Hills  was  first  raised  above 
the  surface  of  the  universal  sea,  the  general  outlines  of 
all  the  continents  were  formed,  and  that  as  points  of 
land  were  uplifted  here  and  there,  forming  the  great 
Arctic  and  European  archipelagoes,  the  general  con- 
figuration of  the  continents  lay  superficially  under 
water,  and  over  them  were  fi'esh,  shallow,  and  quiet 


Beyond  the  coast  boundaries  proper,  which  in  some 
localities  were  covered  with  water  of  superficial  depth, 
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lay  the  deep  oceans,  which  have  remained  permanent 
and  practically  unchanged  through  all  the  ages  luitil 
our  own  time.  The  permanence  and  stability  of  oceans 
is  one  of  the  most  striting  facts  in  all  the  history  of 
geology.  The  deep  ocean  bed  has  undergone  but  little 
change  of  level  during  all  the  lapse  of  the  ages. 

As  the  Cretaceous  period  drew  near  its  close,  thi; 
earth  presented  a  scene  that  would  have  aiipeared 
strange  to  our  eyes.  The  sea  swarmed  with  sharks, 
fishes,  and  reptiles  of  monstrous  size.  The  mosasaunts, 
nothosaurus,  teleosaurus,  plesiosaurus,  and  ichthyo- 
saurus were  masters  of  the  sea.  Ammonites,  belem- 
nites,  and  a  host  of  other  moUuscan  shapes  lived  a 
in  its  depths. 

On  the  laud  was  seen  the  graceful  palm 
forests  of  luxuriant  trees  stretched  away  in  magnificent 
vistas.  The  uncouth  hylseosaunis,  the  megalosaurus, 
iguanodon,  and  the  dinosaums  savagely  disputed  pos- 
session of  the  earth  with  some  lesser  forms  and  with' 
each  other.  The  pterodactyl  and  the  ramphoryuclnu 
with  unsteady  flight,  preyed  upon  the  abundant  inset 
life  whose  ceaseless  activity  broke  the  stillness  of  thai 
ancient  forests. 

The  huge  pterosaurus — that  great  flying  dragoif 
exerted  a  reign  of  terror  by  his  fierce  and  rapaciofl 
nature. 

A  few  birds  flew  silently  among  the  forest  trees,  bi 
none  were  of  bright  plumage  and  pleasant  song  thati 
cheerily  greet  us  in  our  own  times. 

Changes  in  the  surface  of  the  land  slowly  occurrei 
Extensile  areas  were  raised  above  the  surfece  of  t 
shallow  sea,  and  islands  were  joined  together,  fonnta 
greater  tracts  of  dry  land. 

These  terrestrial  changes  ultimately  proved  latal  1 
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the  continuance  of  saurian  life,  and  at  the  close  of  the 
Cretaceous  era  we  find  these  great  animal  fonns  slowly 
disappearing,  until  they  became  wholly  extinct.  As 
dry  laud  was  gradually  extended  in  area  by  submarine 
upheaval,  and  as  islands  coalesced  aud  became  a  part 
of  the  continent,  a  disturbance  ensued  that  made  a  con- 
tinuance of  reptilian  Ufe  impossible,  and  the  shallow 
seas  and  marshes,  covered  with  water  of  inconsiderable 
depth,  once  their  favorite  and  congenial  habitat,  were 
changed  into  dry  land,  and  made  an  enduring  sepulchre 
for  their  bones. 

During  the  later  ages  of  the  Cretaceous  period  we 
find  two  new  forms  of  animal  life  that  are  ver>-  bird-like 
in  appearance.  They  are  known  as  the  Odontorni- 
thes,  or  birds  with  teeth  ;  one  special  form  has  been 
called  Hesperomis,  aud  another  Ichthyornis, 

Hesperomis  was  a  bird-like  animal  of  large  size — 
more  than  six  feet  in  length — of  aquatic  habits,  and 
had  a  rriw  of  sharp-pointed  teeth  set  in  grooves  in 
the  upper  and  lower  jaw.  The  wings  were  rudimen- 
tarj-  and  useless  for  purposes  of  flight.  The  legs  were 
I  long  and  powerful,  and  were  adapted  for  wading  or 
I  for  rapid  motion  on  the  land.  It  was,  therefore,  a 
struthious  bird,  and  was  a  swimming  ostrich  having 
carnivorous  habits  and  modes  of  life  that  were  saurian 
in  character. 

Ichthyornis  was  a  smaller  bird-like  animal  with  a 

I  more  completely  developed  WTUg,  and  doubtless  had  the 

L  power,  to  some  extent,  of  aerial  flight.     Its  sharp  teeth 

■e  set  in  sockets,  and  the  vertebrte  were  bi-concave 

;  those  of  fishes  and  a  fev?  reptiles.     There  were 

sveral  other  varieties  of  Cretaceous  bird-like  animals, 

t  hesperomis  and  ichthyornis  were  the  most  interest- 

5  and  important. 
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These  two  bird-like  animals  had  certain  well 
characters  that  were  decidedly  saurian,  and 
reason  to  believe  that  they  sprang  from  a  single  ances- 
tor, the  dinosaur,  an  animal  which,  as  we  have  seen, 
walked  upon  its  hiiid-legs  almost  exclusively.  Intbf 
course  of  time  tlie  dinosaur  di\'erged  along  two  closely 
parallel  lines  of  development  aud  ga\e  rise  finally  to 
two  new  animals,  diSering  from  himself,  but  still  re- 
taining certain  reptilian  characters.  These  birdshare 
been  found  almost  e.'cclusively  in  America,  showing 
thai  here  they  found  a  congenial  habitat  for  their  special 
evolution  and  more  or  less  complete  development. 

Ill  the  Upper  Cretaceous  strata,  which  lie  along  the 
easteni  flank  of  tlie  Rocky  Mountains  for  a  distance  of 
eight  hundred  miles,  have  recently  been  foinid  the  fos- 
.sil  Ijones  of  a  huge  reptilian  form,  to  wliicli  the  nant 
of  Ceratops  has  been  given.  A  number  of  fine  speti 
mens  of  this  animal  are  now  in  the  Yale  Museum  ai 
New  Haven,  Conu,  The  enormous  size  this  reptile 
attained,  and  the  three  massi\e  bony  horn  cores  that 
grew  out  of  his  immense  Mkull,  make  him  an  object  of 
special  interest.  He  was  a  saurian  and  had  all  the 
saurian  habits  and  modes  of  life,  and  his  habitat  was 
the  great  inland  seas  i>f  the  Upper  Chalk  era  in  what  is 
now  the  Rocky  Mountain  region  of  our  own  country. 
During  Tertiary  times,  when  this  region  was  uphfled 
to  its  present  elevation,  his  bones  were  carried  to  where 
Ihey  are  now  found.  "We  naturally  inquire  from  what 
preceding  lower  form  was  Uiis  reptile,  the  Trieeralops 
ftabellatus,  derived.  It  seems  that  all  the  probabilities 
point  to  the  hylfeosaurus  of  the  Lower  Cretaceous 
period  as  his  progenitor.  In  the  long  intervening  ages 
the  necesiiary  changes  could  easily  take  place  to  trans- 
mute the  hylseosaurus  to  the  ceratops.     The 
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tndoubtedly  developed  his  three  homs  from  the  neces- 

^ties  that  arose  to  defend   himself  from  active  and 

uigerous  enemies.     Abundant  food  caused  bis  rapid 
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THE  CENOZOIC  AGE:— THE  TERTIARY  PERIOD.  THE 
AGE  OF   MAMMALS. 

The  Eocene  period — Evolution  of  marsupials— Ovipera—VW- 
para— Propugntion  of  fishes  and  reptiles  from  eggs— Tlie 
Graafian  follicles— The  ovaries — The  oviducts— Chan gt  of 
physiological  function  of  reptiles— Fornialiou  of  the  fflu- 
Bupium  ;  of  the  milk  ji-land — The  secretion  of  milk— 
Pnleotberium — Three  toes — Anoplolheriuin— Two  toK- 
Tbe  anoplotherium  is  the  progenitot  of  the  horse,  lioa, 
tiger,  wolf,  hyena^Xiphodou  ;  he  is  the  progenitor 
the  goal,  sheep,  llama,  came!,  giraffe — Lophioilon,  lilano- 
there,  hyracothere,  chereopotamns,  whale,  fossil  Xa.pt, 
deer,  camel,  horse-like  animal,  eohippus,  orobippus,  epi- 
hippus,  peccary,  rhinoceros,  turtle,  seal,  walrus,  ie> 
pent,  titanophis  —  Evoluliou  of  birds ;  of  feathen- 
Dinocerata ;    their    development — Nummulites. 

THE   EOCENE  PERIOD.      EVOLUTION  OF  HAMHALS. 

Following  the  close  of  the  Secondary  period  i 
Mesozoic  age  is  the  Ceuozoic  age,  or  as  it  is  usually 
called  by  geologists,  the  Tertiary  period. 

In  our  own  coiintr>'  the  term  Tertiary  period  is  gen- 
erally used.  But  iu  Europe  this  period  has  been 
subdivided  into  three  lesser  periods,  which  are  very 
convenient  desigiiation.s  when  treating  of  the  change 
that  have  occurred  in  the  long  Tertiary  age. 
are  as  follows: 

£oceue — Miocene — Pliocene, 
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The  Tertiary  period  follows  insensibly  and  orderly 
the  close  of  the  Cretaceous  period,  the  last  of  the 
three  subdivisions  of  the  Mesozoic  age.  While  the 
close  of  the  Mesozoic  age  saw  the  decline  of  the  great 
forms  of  saurian  or  reptile  life,  the  Tertiary  period  saw 
the  dawn  of  a  new  era — ^the  appearance  of  true  mam- 
Indian  life. 

The  transition  from  a  cold-blooded  oviparous  saurian 
to  a  warm-blooded  viviparous  mammal  was  not  abrupt 
or  sudden  ;  it  was  a  slow  and  very  gradual  process  of 
evolution,  and  required  a  long  period  of  time  for  its 
Accomplishment.  Neither  was  the  transition  direct 
from  a  saurian  to  a  mammal. 

An  intermediate  form  was  evolved — namely,  a  mar- 
^pial^  which  was  a  semi-mammalian,  and  which 
brought  forth  its  young  alive  but  imperfectly  devel- 
oped, completing  the  process  of  development  external 
to  the  parent's  body  in  a  pouch  of  abdominal  integu- 
ment, or  marsupium,  after  its  expulsion  from  the  mater- 
nal body.  A  lowly  form  of  marsupial  appeared  in  the 
early  Cretaceous  period,  and  subsequently  disappeared. 
It  was  an  animal  of  small  size,  not  unlike  our  modem 
opossum,  but  it  stood  as  an  intermediary  form  between 
the  great  saurians  then  so  abundant,  and  the  mammals 
that  became  so  numerous  in  the  Tertiary  age.  It  be- 
comes an  inquiry  of  the  deepest  interest  to  know  how 
a  saurian  who  propagates  itself  by  eggs,  brought  to 
maturity  external  to  its  body,  could  give  rise  to  an 
animal  who  could  mature  its  young,  even  partially, 
within  its  body^  and  bring  them  forth  alive.  How,  in 
&ct,  a  vivipara  cotild  be  evolved  from  an  ovipara. 

The  process  of  reproduction  of  the  fishes  of  the 
Devonian  age,  of  the  reptiles  of  the  Mesozoic  age,  and 
the  mammals  of  the  Tertiary  age,  while  varying  in 
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some  of  its  details,  is  essentially  the  same. 
species  of  animal  a  female  apparatus  for  the  productitd 
•■'f  eggs  or  germs,  and  a  male  apparatus  to  fecundatej 
or  fertilize  the  eggs  or  germs,  is  absolutely  necessan-. 

In  fishes  and  reptiles  the  eggs  are  formed  in  tin- 
body  of  the  female,  in  a  set  of  organs  called  the 
ovaries. 

These  organs  consist  of  a  mass  of  vascular  connective 
tissue  inclosing  numerous  globular  sacs  or  follicles,  tlie 
Graafian  follicles,  and  these  form  a  constituent  part  of 
the  ovary.  Each  follicle  contains  an  egg.  which  varici 
in  size  and  appearance  in  different  species  of  fishes  and 
reptiles,  but  which  has  the  same  essential  characters, 
and  is  produced  in  the  same  way.  The  egg  grows  in 
the  ovarian  sac,  and  is  subsequently  separated  from  its 
attachments  and  thrown  off,  but  until  that  time  it  is  an 
element  of  the  ovarian  tissues,  and  is  nourished  by  thcm- 

While  the  ovaries  form  the  essential  part  of  the  fe- 
male generative  apparatus,  there  are  also  accessor)' 
organs  which  take  part  in  the  process  of  generation. 
The  most  important  of  these  are  two  s>-mmetrical 
tubes  or  oviduds,  destined  to  convey  the  eggs  in  safetj- 
from  the  ovaries  to  the  external  generative  orifice. 

In  Fig.  55  we  see  these  organs,  which  are  essentially 
ihe  same  in  fishes,  reptiles,  and  even  bird-s. 

In  fishes  the  ovaries  undergo  at  certain  seasons  a 
periodical  development.  The  eggs  approach  maturity, 
gradually  distend  the  follicles  until  they  nipttire,  and 
then  pass  into  the  oviducts,  where  they  are  conveyed 
to  the  external  generative  orifice,  and  are  expelleil  into 
the  water  in  some  secluded  and  favorable  situation. 
Here  they  are  visited  by  the  male,  and  are  fecundated, 
and  afterwards  hatched  by  external  warmth  into  youug 
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In  some  of  the  modem  Ssbes  of  a  high  grade  of  de- 
velopment, as  the  sharks  and  skates,  and  some  others, 
an  actual  contact  takes  place  between  the  sexes,  and 
the  fertiliziiig  fluid  of  the  male  is  introduced  into  the 
female  generative  passages.  Thus  the  eggs  are  fecun- 
dated within  the  body  of  the  female,  and  after  expul- 
sion are  hatched  into  young  in  some  favorable  locality. 
This  is  true  also  of  reptiles.     These  animals  lay  their 
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^gs  Upon  the  ground  immediately  after  fecundation 
has  taken  place  in  the  female  generative  passages,  and 
incubation  then  goes  on  to  its  completion.  In  the 
great  herbivorous  land  saurians,  as  the  igimnodon,  the 
dinosaurs,  the  hyleeosaurus,  and  the  megalosaunis,  the 
^;gs,  which  are  fecundated  within  the  body  of  the 
female  by  the  sexual  congress  of  the  male,  are  depos- 
ited in  some  safe  q)ot  upon  the  land,  where,  under  the 
influence  of  external  heat,  incubation  proceeds,  and 
the  young  reptiles  finally  come  forth. 
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As  these  land  saurians  advanced  to  a  higher  plant 
of  development,  the  influence  of  dry  air  and  strong 
sunlight,  as  well  as  an  abundant  supply  of  nutritions 
food,  caused  them  to  gradiially  grow  more  active  and 
wanner-blooded  through  more  perfect  pulmonary-  res- 
piration. At  the  same  time,  the  pachydermatous  skin 
tended  to  become  softer  and  less  rugous.  The  indi- 
viduals upon  whom  these  influences  acted  most  poww- 
fully  by  preference  consorted  more  and  more  together, 
as  these  new  qualities  would  make  the  possessors  more 
agreeable  to  each  other,  and  thus  by  natural  and 
unconscious  selection,  which  is  a  most  potent  factor  in 
inducing  anatomical  changes,  they  would  transmit 
these  new  and  higher  qualities  to  the  most  favored 
successors,  until  they  reached  a  much  higher  level 
in  the  development  of  special  physiological  functions. 

These  higher  physiological  functions  consisted  in 
producing  the  young  from  the  egg  while  it  was  still 
within  the  generative  organs  of  the  female. 

We  have  said  above  that  in  reptiles  the  egg  was 
fecundated  in  the  body  of  the  female  by  direct  contact 
with  the  male,  and  that  immediately  after  fecundation 
the  egg  was  deposited  in  some  favorable  locality,  where 
it  was  incubated,  and  the  young  brought  forth  by  the 
aid  of  external  wamith. 

This  is  true  also  of  all  birds. 

If,  after  fecundation,  the  egg  could  remain  for  a  time 
either  in  the  generative  passages  of  the  reptile  or  the 
bird,  the  heat  of  the  body  would  hatch  the  egg,  and 
the  young  reptile  or  bird  be  bom  alive.  But  in  neither 
of  these  animals  could  this  occur,  for  the  physiological 
functions  of  each  demanded  that  the  egg  be  expelled 
from  the  body  before  incubation  took  place. 

As  the  more  favored  saurians  advanced  t"  a  higher 
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degree  of  development,  their  physiological  functions 
of  generation  also  advanced,  until  a  point  was  reached 
where  the  female  could  retain  the  fecundated  ^%% 
within  her  body  until  the  young  was  hatched,  and 
then,  by  a  muscular  expulsive  effort,  she  could  bring 
forth  her  young  alive,  although  in  a  state  of  only 
parti€d  development 

This  partial  development  of  her  young  at  birth  was 
owing  to  the  fact  that  a  true  uterus  did  not  then  exist. 
The  ^%%  passed  through  its  incubatory  changes  iil  the 
doaca  of  the  female,  which  afterwards  developed  in  the 
higher  mammals  into  the  uterus  or  womb. 

In  this  way  the  first  of  the  marsupials  was  undoubt- 
edly evolved  fix)m  one  of  the  higher  and  more  perfectly 
developed  saurians  (or  probably  from  the  dinosaurus), 
through  an  advance  of  physiological  function. 

As  the  newly  bom  young  marsupial  was  only  par- 
tially developed,  the  mother  would  instinctively  seek 
to  protect  her  offspring,  and  this  she  would  naturally 
do  by  bringing  it  dose  to  her  own  body.  As  the  little 
creature  nestled  to  its  mother  for  protection  and  warmth, 
the  latter  would  favor  its  efforts,  until  by  and  by  the 
abdominal  integument  would  partly  close  around  it, 
and  as  this  process  was  continually  repeated  and  trans- 
mitted to  others,  the  protective  integument  would 
ultimately  form  a  distended  sac,  and  this  in  the  course 
of  time  would  form  a  permanent  abdominal  pouch  or 
fnarsupium. 

At  the  same  time,  this  warm-blooded  mother  with 
the  abdominal  marsupium,  in  which  she  shielded  her 
young,  would  also  seek  to  nourish  it,  and  so  bring 
it  to  full  maturity.  How  could  she  accomplish  this 
object? 

The  young  and  doubtless  greedy  marsupial  would 
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naturally  seek  to  find  something  with  which  to  satisfy 
its  hunger.  As  would  be  most  natural,  it  would  use 
its  mouth  and  lay  hold  of  the  maternal  integument 
nearest  to  it — namely,  that  of  tlie  abdomen — and  en- 
deavor to  draw  some  nourishment  from  it.  Under  the 
peculiar  excitement  and  stimulus  of  the  act  of  suclioil 
upon  these  tissues,  a  greater  quantity  of  blood  would 
t>e  determined  to  the  part,  and  an  increased  growth  of 
loose  connective  tissue  be  the  result.  Under  continued 
stimulation,  this  tissue  by  the  greater  proliferation  of 
cell  material  would  form  a  gland,  and  this,  through 
the  peculiar  influence  of  gland-tissue  action,  would 
cause  a  secretion  of  lactiferous  fluid  or  ntUk.  It  is 
well  known  that  prolonged  suction  will  induce  a  secre- 
tion of  milk  in  a  young  and  unimpregnated  female,  in 
whom  the  breasts  are  btit  slightly  developed,  and  the 
same  tiling  will  occur  in  man,  in  whom  the  mammary 
tissues  are  also  slightly  developed,  and  are  not  intended 
for  the  secretion  of  lactiferous  fluid.  It  is  true  that  in 
this  case  the  mammary  tissue  already  existed  in  a  dor- 
mant state,  and  was  ready  to  enter  into  activity  under 
a  proper  stimulus,  while  in  the  early  marsupials  no 
mammary  tissue  existed  at  all. 

It  appeared,  however,  under  the  special  needs  of  the 
case,  induced  by  the  special  act  of  prolonged  suction. 

In  this  simple  way,  then,  the  first  of  the  true  mam- 
malia sprang  into  existence  through  the  evolution  of 
the  marsupials  from  the  saurians. 

The  act  of  bringing  forth  the  young  alive  from  the 
generative  organs  of  the  female,  and  the  secretion  of 
milk  from  the  mammary  gland  to  nourish  the  young 
in  its  helpless  state  of  infancy,  was  ihcgreahsi  ufiwant' 
s/ep  in  tlie  evolution  of  the  important  order  of  the 
mammalia  that  appeared  in  the  Tertiary  age,  and  hu 
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continued  nninteiruptedly  to  our  own  time.  This 
change  has  been  extremely  slow,  and  has  required 
many  ages  for  its  fulfilment. 

The  earliest  marsupials  seem  to  have  disappeared  in 

the  last  of  the  Cretaceous  period,  and  reappeared  in 

the  Tertiarj'.     It  is  more  probable  that  they  did  not 

disappear  at  all,  after  their  evolution,  but  were  few  in 

number,  and  easily  lost  sight  of.    An  animal  so  difficult 

I  of  reconstruction  could  easily  escape  the  observations 

I  irf  geologists  and  zoologists.     It  is  extremely  probable 

I  Qiat  when  our  own  country  is  more  carefully  studied 

I  many  remains  will  be   found   that  are  unknown  at 

I  present. 

The  Opossum,  a  native  of  our  own  country,  still 
I  exists,  and  the  Kangaroo  is  still  to  be  found  in 
I  Australia. 

[  am  inclined  to  believe  that  this  latter  animal  ap- 

1  peared  in  the  early  Tertiary  age,  when  Australia  was 

connected  with  the  great  archipelago  of  the  north,  or 

the  stretch  of  land  that  now  forms  the  great  continents ; 

not  that  he  appeared  solely  in  Australia,  for  he  might 

have  appeared  much  farther  north,  or  at  several  points 

simultaneously,  and  in  his  migrations  finally  reached 

Australia,  where  he  has  remained  e\-er  since,  owing  to 

I  the  isolation  of  that  great  island  by  the  submergence 

I  of  the  land  that  formerly  connected  it  with  the  conti- 

I  sent  of  Asia.     The  evolution  of  the  kangaroo,  which  I 

I'believe  will  be  referred  to  the  early  Tertiarj-,  or  Eocene 

iperiod,  was,  without  doubt,  from  the  dinosaurus  of  the 

vlate  Cretaceous  period.     A  study  of  this  animal,  whose 

ljbs.sil  remains  are  preser\'ed  to  us,  will  show  how  easily 

I  this  diange  in  his  anatomical  structure  could  occur  to 

^transmute  him  to  tlie  newer  animal.     The  dinosaurus 

[1  herbivorous  saurian,  Uving  exclusively  upon  the 
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land.  He  walked  habitually  upon  his  hind  feet,  and 
left  what  have  been  called  "  bird  tracks"  in  the  a^ 
uiud  of  that  period.  His  successor,  the  kangaroo,  who 
was  slowly  evolved  from  him,  subsisted  chiefly  upon 
the  shrubbery  and  foliage  of  the  trees  about  him. 
his  efforts  to  reach  the  higher  branches  he  iiatnrally 
reared  himself  upon  his  posterior  limbs,  supporting 
himself  in  this  new  position  by  means  of  his  power- 
ful tail.  He  thus  becaffie  a  tripod  animal,  resting  upon 
his  two  hinder  limbs  and  his  tail  as  a  firm  base.  This 
upright  position  would  enable  him  to  browse  with  ease 
upon  foliage  that  would  lie  beyond  his  reach  if  he 
remained  in  a  horizontal  plane.  By  degrees  he  would 
find  this  position  both  agreeable  and  convenient,  and 
as  lie  moved  from  place  to  place  to  feed  upon  fresher 
foliage,  it  would  be  easier  for  him  to  do  so  by  a  slight 
jump  or  spring  than  to  go  down  upon  all  fours  and 
then  raise  himself  again.  Such  a  series  of  movements, 
long  continued,  would  induce  important  structural 
changes  in  his  anatomy.  The  posterior  limbs  would 
grow  longer,  and  become  adapted  for  an  upright  poa- 
tiou  with  the  tail  as  an  auxiliary  support.  The  ante- 
rior limbs,  no  longer  needed  for  locomotioo,  wonld 
atrophy,  and  by  a  special  use  would  assume  the 
character  and  function  of  a  prehensile  limb  or  paw. 
These  changes  in  the  external  anatomical  configuration 
of  the  animal,  added  to  those  of  a  physiological  char- 
acter, whereby  the  female  was  enabled  to  bring  forth 
her  yoimg  alive,  and  nourish  them  in  infancy  with  a 
secretion  of  milk  from  her  own  breast,  and  protect  theil^ 
while  helpless  in  a  pouch  of  abdominal  uitegumentj 
mark  a  new  era  in  the  evolution  of  animal  forms,  an< 
stand  as  the  first  of  tlie  true  mammals. 

The  higher  development  of  physiological   fuuctioi 
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took  place  in  some  of  llie  other  herbivorous  saurians 
in  Uie  Tertiary  age.  The  megalosaurus,  a  pachyder- 
matous saurian,  underwent  a  change  also  in  his  repro- 
ductive functions  and  anatoraical  structure,  and  from 
hitu  undoubtedly  the  Paleotherium  was  evolved. 
This  new  animal  was  an  herbivorous  pachyderm  and 
a  mammal.  Its  bones  have  l>een  found  in  the  western 
]>art  of  our  country,  but  more  plentifully  near  Paris. 

The  change  from  the  megalosaurus  to  the  paleothe- 
fium  consisted  in  the  teeth  and  jaws  becoming  fitted  for 

\'^^table  diet,  and  in  this  latter  respect  we  see  the 
"first  formatiou  of  ^  prehensile  /i/>,  which  has  since  been 
continued  in  the  modeni  pig,  peccary,  tapir,  horse,  and 
elephant. 


In  Fig.  56  we  see  the  paleotlieriiun  restored,  and  if 
te  refer  to  Fig.  52  and  compare  him  with  the  megalo- 
Bums  we  .ihall  find  that  he  clearly  shows  an  example 
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of  the  divergence  of  form,  of  animal  type,  that  was  so 
striking  a  feature  of  the  Giuna  of  the  Tertiary  age. 

The  paleotheritim  is  oue  of  the  first  of  the  ProbosdJa, 
and  foreshadows  a  long  line  of  this  particular  type  of 
animal — namely,  the  pig,  peccarj',  tapir,  horae,  and 
elephant. 

The  long  prehensile  lip  of  the  paleotherium  was  the 
result  of  a  special  anatomical  growth  in  an  animal 
having  a  short  stout  body  and  neck,  with  thickened 
and  flattened  cer\'ical  vertebne,  as  the  fossil  bones  of 
this  creature  have  shown,  with  their  long  spinous  pro- 
cesses, making  a  strong  nuchal  ligament  necessary  to 
support  the  large  and  heavy  head.  Such  an  animal 
would  find  some  difBculty  in  bringing  the  mouth  close 
lo  the  ground  for  the  purposes  of  feeding,  and  conse- 
quently he  would  freely  use  his  lips  to  assist  in  bringing 
his  food  within  reach  of  his  teeth.  Such  an  act  con- 
stantly repeated  would  cause  a  greater  degree  of  cell- 
growth  and  a  greater  formation  of  muscular  extensible 
tissue,  until  a  proboscis  or  elongated  lip  was  finally 
formed.  This  same  process  of  anatomical  development 
is  seen  in  the  modeni  tapir,  an  animal  closely  resem- 
bling the  extinct  paleotherium,  and  was  evolved  from 
it.  In  tlie  mastodon  and  the  dinotheriuni  the  lip  was 
extended  into  a  trunk,  and  the  elephant  of  oiu"  day  has 
this  trunk  carried  to  a  high  degree  of  development. 

If  the  paleotherium  enjoyed  a  well  organized  preljen- 
sile  hp  to  assist  him  to  more  easily  gather  subsistence, 
he  did  not  have  a  well  developed  superior  maxilla.  In 
the  skull  of  this  animal,  seen  inourmuscums,  it  will  be 
noticed  that  the  nasal  and  pre-maxillary  bones  are 
imperfect  and  almost  wanting.  As  the  miLSCUlar  Up 
was  developed  and  employed  to  bring  witliin  reach  his 
food,  he  did  not  need  to  seize  it  with  his  teeth,  nor  to 
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use  them  for  the  purpose  of  grazing,  hence  in  this 
animal  the  incisors  and  pre-maxillary  bones  were 
rudimentary.  There  can  scarcely  be  a  doubt  that 
the  paleotherium  was  the  progenitor  of  all  the  probos- 
cidse  that  came  after  him. 

There  is  reason  to  believe  that  the  earlier  forms  of 
the  paleotherium  were  small  in  size,  and  that  as  his 
evolution  progressed,  his  better  and  more  vigorous 
qualities  were  transmitted  to  his  successors,  until  he 
reached  his  fullest  development. 

He  belongs  to  the  Eocene  period,  and  in  Europe  he 
seems  to  have  found  an  agreeable  abode  near  Paris, 
where  his  fossil  bones  have  been  abundantly  found. 
He  loved  fresh  water,  and  was  a  vegetable  feeder,  and 
possessed  a  quiet  and  peaceful  disposition,  as  his  struct- 
ure, dentition,  and  prehensile  lip  abundantly  testify. 
Naturalists  have  found  several  varieties  of  paleotherium, 
showing  that  even  at  that  early  era  animal  forms 
evinced  a  strong  tendency  to  diverge  into  newer  and 
different  t5rpes. 

Another  instauce  of  the  divergence  of  animal  forms 
from  a  few  simpler  stocks,  is  the  Anoplotherium.  In 
this  Eocene  mammal  now  extinct  we  observe  a  consid- 
erable advance  in  the  scale  of  evolution. 

From  what  animal  was  the  anoplotherium  derived  ? 
It  is  a  fact  as  well  known  as  any  fact  in  geology  itself, 
that  at  the  opening  of  the  Tertiary  period  there  were 
comparatively  few  /and  animals  in  existence.  Four 
definite  forms  are  known  to  us,  as  we  have  already  seen 
— ^namely,  the  dinosaurus,  hylaeosaurus,  ig^anodon,  and 
the  megalosaurus.  There  were  some  others  besides, 
but  they  were  more  lowly  organized,  less  ably  fitted  to 
propagate  themselves,  and  thus  more  easily  succumbed 
to  destructive  influences.    So  it  is  quite  certain  that  the 
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anoplotherium  could  not  have  been  derived  from  anyl 
of  the  weaker  forms.  It  would  seem  verj-  probable,,! 
then,  that  he  came  from  the  same  stock  as  the  p 

theriuoi,  and  was  a  stroug  instance  of  animal  diverge 
and  evolution  from  another  and  preceding  form. 

In  Fig.  57wesee  a  contourof  this  animal  restored  b] 
Cuvier. 


It  shows  him  as  he  appeared  in  the  Eocene  period.  | 
If  we  compare  this  animal  with  the  paleotherium,  Fig. 
56,  while  we  see  wide  differences,  we  note  also  close 
resemblances,  showing  that  both  may  have  easily 
sprung  from  a  common  stock.  The  lip  is  less  prehen- 
sile, though  somewhat  so ;  the  dentition  is  similar,  for 
he  is  an  herbivora  ;  the  feet  are  ungulated.  and  have  iwo 
toes,  while  the  paleotherium  has  three;  the  legs  are 
longer  and  more  slender ;  and  the  tail  is  long,  thick, 
and  muscular,  still  retaining  slightly  saurian  characters. 
It  is  believed  that  an  animal  with  such  an  anatomical 
configuration  must  have  had  a  soft  skin,  but  owing  to 
the  uniformly  equable  temperature  it  must  have  been  it 
smootliand  hairksi  skin.      The  anoplotherium  \ 
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lewbat  in  size.  The  largest  and  best  fossil  specimens 
t  have  been  found,  showed  a  size  about  equal  to  tliat 
of  a  small  ass.  His  slender  limbs  denote  that  he  was 
quick  and  active,  and  could  run  with  great  speed,  and 
he  must  have  been  of  a  rather  peaceful  disposition,  as 
his  dentition  shows  be  possessed  no  weapons  of  offence. 
The  crania  that  have  been  preserved  to  us  show  a  fairly 
well  developed  brain  cavity,  and  hence  we  conclude  he 
had  a  well  developed  cerebrum,  or  brain,  and  the  orbits 
and  optic  foramina  prove  that  his  visual  apparatus  was 
excellent.  He  was.  then,  an  active,  alert,  intelligent, 
and  peaceful  animal.  It  is  certain  that  such  a  mammal 
could  easily  diverge  in  form,  in  physiological  function, 
and  development,  and  under  favoring  circumstances 
^imd  conditions,  follow  out  on  new  hues  of  evolution, 
give  rise  to  other  and  newer  animal  forms,  as  the 
ligher  grades  of  herbivora — the  horse,  the  zebra,  and 

iC  ass,  Equida:.  on  one  hand  ;  and  to  some  of  the  car- 
the  lion,  the  tiger,  and  the  panther.  Feltda ; 
or  the  dog  and  the  wolf,  Cayiida,  on  the  other  and 
even  to  the  hyena,  Hyenids. 

This  view  of  the  divergence  of  animal  forms,  which 
makes  it  possible  for  many  to  be  derived  from  a  few,  is 

itirely  logical  and  purely  scientific.  And  this  view 
seems  the  more  probable  when  we  recall  the  fact  that 
'tiie  anatomical  osteology  of  all  these  animals  is  strikingly 
alike.  All  the  bones  and  their  relative  anatomical 
arrangement  are  nearly  the  same.  The  skeleton  of  a 
horse,  zebra,  lion,  wolf,  or  hyena,  bear  a  very  close  re- 
semblance to  one  another  ;  the  especial  points  of  differ- 
ence he  in  the  teeth  and  terminations  of  the  extremities. 
While  a  hoof  and  a  claw  at  first  sight  seem  to  widely 
vary,  it  will  be  seen  upon  a  closer  study  that  both  are 
but  modifications  of  one  and  the  same  form. 


The  more  superficial  points  of  difference,  as  exteniall 
shape,  color,  and  markings  of  hair,  dtspositio: 
habits,  are  almost  wholly  determined  by  external  en-  ' 
vironmeiit,  and,  later,  by  climatic  influences  and  gw-  I 
graphical  distribution. 

The  Xipbodon  is  another  of  the  important  maranals 
of  the  Eocene  age.  This  pretty  and  graceful  creatare 
is  a  further  instance  of  the  divergence  of  animals  frnm 
a  common  stock.  His  fossil  remains  have  been  fonnd 
so  well  preserved  that  naturalists  have  been  able  to  re- 
store his  form  witli  great  fidelity.  Following  out  on  -i 
different  line  of  evolution  and  development  fmin  the 
anoplotherium,  and  at  first  perhaps  differing  but  little 
from  him,  in  the  course  of  ages  the  divergence  slowly 
widened  until  a  new  form  of  animal  life  appeared. 

Two  ships  sailing  abeam  in  the  same  direction  may 
not  at  first  vary  in  their  course  at  all,  but  after  a  time 
a  slight  deviation  of  the  compass  will  occur,  and  this, 
ever  so  slight  it  may  be,  will  in  a  very  short  time  cause  I 
the  vessels  to  separate  until  they  are  lost  to  each  other"!  ] 
view. 

Animals  may  likewise  develop  in  parallel  lines  for  s  j 
long  time,  and  bear  a  strong  similarity,  but  in  the  course  I 
of  ages  an  organic,  vital  structure  so  plastic  in  its  growth  J 
could  not  help  undergoing  some  changes,  and  these,! 
being  continually  transmitted  to  favored  successors^:! 
would  ultimately  produce  an  individual  entirely  difieP''« 
ent  from  the  primitive  stock. 

It  is  uot  necessary  that  we  find  all  the  bones  of  all 
the  lines  of  animals  that  have  undergone  the  transition 
changes  from  tlie  early  primitive  form  to  the  xiphodon. 
We  know  that  such  gradual  changes  must  have  oc- J 
currcd,  and  that  they  did  ikcmt  is  amply  proved  by  t] 
fact  that  the  xiphodon  lived,  and  his  evolution  frtim  a 
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I  lower  form  was  the  plain  and  necessary  result  of  his 
I  delicate,  plastic,  organic  structure  undergoing  anatomi- 
I  tel  and  physiological  changes  induced  by  the  law  of 
I  higher  giott-th  and  the  influences  exerted  upon  \\\m  by 
surroundings  and  his  instincts  of  preservation. 
I  propagation,  and  safety. 


In  Fig.  58  we  see  the  form  of  the  xiphodon.     We 
I  notice  in  this  animal  certain  peculiarities  and  character- 
I  istics  that  specially  distinguish  this  species.     He  is  an 
llierbivora  and  subsists  wholly  upon   vegetable   food. 
r  As  he  is  entirely  without  means  of  defence,  and  must 
seek  safety  in  flight  from  his  enemies,  he  has,  as  a  re- 
salt,   developed  a   long   and  slender   limb   admirably 
adapted  for  rapid  locomotion.     Such  long  legs  raise 
Lliis  body  high  above  the  ground,  and  as  an  absolute 
md  necessarj-  consequence  his  neck  elongates  to  enable 
liim  to  reach  his  mouth  to  the  earth  for  food.     This  iu- 
reased  length  of  neck  is  not  due  to  an  additional  nnin- 
r  of  cervical  vertebra,  but  to  an  increase  in  lengtli  of 
those  already  existing,   and  these,  as  we  have  seen, 
r  exceed  seven  in  number.     His  liabit  of  feeding 
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upon  the  foliage  of  shrubs  and  trees  also  exerts  i 
influence  in  the  elongated  growth  of  the  neck,  "Hiese 
two  factors,  then,  determine  his  length  of  neck. 

It  will  be  easily  seen  that  the  xiphodou,  with  such  a 
configuration  and  mode  of  life,  may  readily  diverge  and 
give  rise  to  newer  lines  of  animal  forms.  By  a  slight 
anatomical  change  he  may  give  rise  to  forms  that  will 
ultimately  evolve  into  the  sheep,  goat,  llama,  guanaro, 
camel,  and  giraffe,  he  standing  as  the  common  st«i 
for  all. 

Or  he  may  give  rise  to  forms  which  will  develop  the 
whole  order  of  deer — Cervida. 

It  needs  but  a  slight  change  to  develop  a  hump  of 
adipose  tissue  upon  his  hack  to  transform  him  into  a 
camel,  and  under  the  influence  of  a  dry,  hot,  and  sandj 
soil  his  two-toed  hoof  would  change  to  a  two-toed, 
cushion-like,  padded  foot. 

In  the  great  number  and  variety  of  animal  forms  thai 
appeared  in  the  Tertiary  and  Post-Tertiarj'  epochs  v 
must  always  remenil:>er  that  changes  of  anatomy  and 
of  external  characters  and  habits  are  easily  and  readily 
induced  in  vital  organisms  so  extremely  susceptible  ta 
the  impress  of  surrounding  influences.  And  these  in- 
fluences are  manifold  in  their  number  and  method  of 
application.  All  the  mutations  of  animal  organisms 
have  thus  far  been  along  lines  of  very  close  parallelism. 
While  the  anatomical  and  physiological  divergence* 
seem  at  first  sight  great,  and  when  compared  witll 
simpler  and  earlier  forms  are  great,  yet  when  compared 
again  with  some  of  the  later  and  more  complex  (brms 
they  are  comparati\-ely  slight. 

In  the  later  and  higher  order  of  mammals  of  the  Post- 
Tertiary  and  Quatemar>'  eras  the  changes  become  mott 
e  more  of  a  purely  ph\'sio!ogical  cbarMS 
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ter.  The  anatomy  of  the  vertebrated  mammals — whether 
of  a  paleotherium,  hyena,  deer,  dog,  horse,  ape,  or  man 
— varies  btit  little.  T\\e/undamenlal  osteology  is  practi- 
cally the  same.  External  characters  vary  more  widely, 
bnt  are  more  superficial.  All  are  propagated  in  pre* 
cisely  the  same  way^iiamely.  by  the  production  of  an 
egg  in  the  female  ovary,  the  fecundatiou  of  the  egg  by 
sexual  congress,  and  the  transformation  of  the  egg  into 
the  young  animal  in  the  female  uterus,  from  which  it  is 
expelled  into  the  world  alive. 

The  most  important  changes  that  distinguish  the 
higher  animals  from  those  of  an  earlier  and  lower 
order,  besides  those  of  their  external  anatomical  con- 
figuration, are  purely  physiological  in  character,  and 
act  upon  certain  organs,  the  most  important  of  which 
is  the  Brain.  It  is  the  more  complete  development  of 
this  organ  which  places  one  animal  above  another  in 
the  great  scale  of  life. 

The  three  forms  of  animal  life  just  described — namely, 
the  paleotherium,  the  anopl other iura,  and  the  xiphodou 
— were  the  most  important  of  any  of  the  early  Tertiary, 
or  Eocene  mammals.  Europe  .seemed  to  have  been  their 
favorite  habitat.  There  were  many  others  besides, 
whose  abundant  fossil  remains  have  been  found  in  our 
western  country,  in  Europe  and  Asia.  Of  these  was 
the  Lopbiodon,  a  tapir-like  animal  not  unlike  the 
paleotherium,  although  less  highly  developed. 

The  Titanothere  was  another  of  the  same  order,  a 
tapir-like  animal  also,  whase  bones  have  been  found 
on  the  upper  regions  of  the  Mi.-^souri  River. 

The  Hyracotbere  belonged  to  the  same  group,  and 
had  the  tapir-like  prehensile  lip  of  the  others. 

These  three  animals— the  lophiodon.  the  titanothere. 
Bnd  the  hyracotbere— were  al!  doubtless  derived  from 
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the  paleotlieriura.  They  closely  resembled  each  other, 
and  had  the  same  habits  and  modes  of  life.  This 
affords  another  instance  of  lines  of  special  animal  forms 
which  were  derived  from  a  common  stock,  running  In 
parallel  grooves  of  development,  and  showing,  even  up 
to  the  point  of  their  extinction,  but  slight  traces  of 
divergence.  These  traces,  however  slight,  were  still 
sufficient  to  show  some  points  of  difference,  and  to 
require  of  naturalists  a  special  notice  and  a  separate 
name. 

The  Chereopotamus,  whose  bones  have  been 
found  in  our  country,  and  in  France,  was  a  small  pig- 
like animal  resembling  the  modem  peccary  of  Centnd' 
America. 

Whales  also  existed  in  the  Tertiary  period.  A^ 
large  species — Zeuglodon  cetoides — was  quite  abundant 
in  the  southern  seas  of  our  continent.  In  Alabama,  the 
vertebrae  of  these  animals  have  been  found  measuring 
twelve  inches  in  diameter,  and  were  so  numerous  that 
they  have  been  burned  to  rid  the  ground  of  them. 

Some  of  these  whales  have  been  ascertained  to  meas- 
ure from  sixty  to  eighty  feet  in  length.  A  mammal  of 
such  vast  size,  and  of  such  prolific  development,  may 
almost  excite  our  astonishment. 

We  have  in  this  huge  creature  a  marine  mammal, 
whose  habitat  is  wholly  in  the  sea,  whose  habits  are 
carnivorous,  and  who  is  a  vivipara,  bringing  forth  its 
warm-blooded  young  alive,  and  maintaining  the  respi- 
ration of  atmospheric  air  by  means  of  a  true  air- 
breathing,  oi  pulmonary  apparatus — namely,  the  lungs. 
What  animal  was  the  progenitor  of  the  whate,  and 
what  was  the  process  of  evolution  of  such  a  gigantic 
vital  organism  ?  We  have  seen  that  the  hylseosaums  of ' 
the  Cretaceous  period  was  an  herbivorous  reptile  Uvinf; 
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upon  the  land,  and  propagating  itself  by  means  of  eggs 
—a  true  ovipara  ;  that  afterwards  by  a  slow  and  grad- 
ual change  in  its  physiological  functions,  it  became 
warm-blooded  and  transmitted  to  its  successors  certain 
qualities  that  caused  an  evolution  of  mammalian  organs 
and  mammalian  functions,  and  these  qualities  and  func- 
tions were  sufficiently  strong  to  develop  in  the  course 
of  ages  an  animal  far  above  the  level  of  the  original 
saiuian — ^namely,  a  true  mammal — a  vivipara. 

A  mammal  originating  in  this  way,  from  a  land  sau- 
rian, would  retain  certain  saurian  characters,  as  the 
powerful  tail,  and  a  rounded  and  somewhat  elongated 
body  capable  of  buoying  itself  upon  the  surface  of  the 
water.  Such  an  animal,  springing  from  a  saurian, 
would  find  a  marine  life  congenial  to  its  tastes,  and  in 
its  aquatic  habits  the  strong  tail  served  as  an  organ  of 
propulsion.  Under  the  potent  influence  of  the  law  of 
use  the  tail  grew  larger  and  more  powerful,  and  this 
growth,  aided  still  further  by  the  stimulus  of  increased 
nutrition,  finally  attained  to  an  enormous  development 
as  a  powerful  propulsive  or  swimming  organ.  The 
tail  of  the  whale  lies  flat  on  the  water,  with  the  fins  or 
flukes  spread  horizontally,  while  fishes  swim  with  the 
fins  of  their  tails  in  a  vertical  position. 

Why  is  this  difierence?  The  whale  being  an  air- 
breathing  animal,  and  not  a  fish,  lives  habitually  upon 
the  surface  of  the  sea,  and  not  in  its  depths,  but  when 
he  desires  to  dive  beneath  the  surface  he  gives  his  body 
a  downward  impulse  by  a  blow  of  his  tail  upon  the 
water,  hence  the  flukes  naturally  tend  to  develop  later- 
ally instead  of  vertically,  so  they  can  lie  flat  upon  the 
water. 

By  the  continued  operation  of  the  law  of  use  and  dis- 
use throughout  long  ages,  the  tail  gradually  developed 
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into  a  larger  and  more  powerful  propulsive  organ,  until 
it  became  of  vast  size  and  great  importance.     By  dis- 
use the  posterior  limbs  correspondingly  atrophied,  unti!  \ 
in  time  they  became  rudimentary,  being  either  lEpifr  ' 
sented  by  a  small  anal  fin,  or  were  wholly  concealed  in 
the  integument. 

The  anterior  limbs  also  changed  in  their  anatomical 
structure.   As  the  whale  became  permanently  aquatic  by 
finding  a  congenial  habitat  in  the  sea,  the  act  of  walk- 
ing was  abolished,  and  the  form  of  the  Hmb  suffered  a 
change.      Its  new  uses  as  a  swimming  organ  trans- 
formed it  from  a  foot  to  a  paddle,  or  pectoral  fin  ; 
in  tliis  new  configuration  it  still  retains  the  same  num- 
ber and  almost  the  same  arrangement  of  its  bones—- 
namely,  the  humerus,   the  radius  and  ulna,  and  the 
small  bones  that  form  the  carpus,  and  the  five  digitt; 
or  phalanges.     The  paddle  of  the  whale  is  a  hsnd  asij 
not  a  foot.  ^ 

We  find,  therefore,  in  the  skeletiou  of  the  whale  thtt 
certain  changes  ha\e  taken  place  in  the  process  of  ItS 
evolution,  which  distinguish  it  from  the  type  of  i1 
original  progenitor,  the  laud  saurian.  The  skull  sd 
retains  saurian  characters,  but  the  teeth  have  undejv 
gone  a  change.  There  are  none  in  the  upper  jaw. 
Those  in  the  lower  jaw  are  conical,  and  set  at  short 
distances  apart,  not  close  together.  As  his  food  con- 
sists almost  wholly  of  small  fish  and  crustaceans,  his 
teeth  are  of  but  little  use,  and  in  the  oldest  whales  thejr 
show  but  slight  traces  of  wear. 

The  vertebral  column  is  long,  and  terminates  i 
pointed  extremity  which  supports  the  powerful  lateral: 
tail. 

The  pelvis,  which  existed  in  the  saurian,  and  waa 
,  so  important  a  mammalian  feature,  also  atrophies  an 
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s  rudimentary.     As  it  is  no  longer  needed  for 
tirposes  of  sustaining  the  posterior  limbs  in  the  func- 
tion of  locomotion,  it  obeys   the  law  of  disuse  and 
iHally  disappears. 
The  fossil  remains  of  the  Tertiary  whales  thus  far 
xivered  closely  resemble  tlje  bones  of  the  modem 
whale.     The  teeth  of  the  fossil  whale  are  much 
ike  those  of  the  present  species. 


I  have  in  my  colleclion  the  teeth  of  a  spcnii  whale  I 
[saw  captured  in  the  Indian  Ocean,  about  two  hundred 
I  miles  southeast  of  the  southerly  point  of  the  island  of 
igascar.  They  are  almost  identical  with  some 
I  specimens  of  fossil  teeth  found  in  Alabama,  In  the 
[  tipper  Missouri  and  western  regions  of  our  own  country 
\  have  been  found  in  considerable  numbers  the  bones 
f  several  mammals,  resembling  those  that  have  been 
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continued  downi  to  modem  times.  Among  them  are  the 
tapir,  puccan-,  camel,  and  deer,  as  well  as  an  aninml, 
about  the  size  of  a  fox,  "belonging  to  tlie  horse  tribe. 

These  horse-Hke  animals  that  appeared  thus  early 
have  been  called  Eohippus — from  the  fact  that  their 
fossil  bones  were  found  in  a  Lower  Eocene  horizon. 
They  had  four  well  developed  toes,  and  one  rudimen- 
tary toe  oil  the  fore-feet,  and  three  toes  on  the  hind- 
feet.     In  the  Middle  Eocene  period  another  of  these 
hor.se-like  animals  has  been  found — Orohippus — ofii 
slightly  higher  grade  of  development  than  eohippus. 
He  also  had  four  toes  in  the  fore-foot,  but  the  rudi- 
mentary fifth  toe  had  disappeared.     His  hind -foot  had 
three  toes.     Later  in  the  Eocene  period,  still  another 
horse-like  animal  appeared — Epihtppus, — wliase  den- 
tition showed  him  to  be  slightly  in  advance  of  his 
predecessors  in  point  of  development.     An  auima 
important  as  these  horse-like  creatures  were,  leads  U 
to   inquire   from   what    preceding  animal   was  1 
scended.     Wliile  this  point  is  somewhat  obscure, 
are  forced  to  the  conclusion  that  he  sprang  either  fi 
the  ancestor  of  the  auoplotherium  or  from  the  « 
anoplotherinm   himself.     The  latter   view  seemf 
tirely  tenable.     The  early  anoplotherinm  was  a  t 
animal,    no  larger  than   a  fox,   or  the  eohippus,  i 
closely  resembled  him.     He  could  easily  di\'erge  aloi 
lines  extremely  parallel,  and  in  the  ages  of  the  Low 
Eocene  period  produce  the  slightly  horse-like  eohippi 
It  was  a  long  time  afterwards  before  the  true  hoi 
appeared. 

The  tapir  and  Uie  peccary  could   have  easily  i 
scended   from  the  paleotherium,   as  we  have  e 
seen,  by  following  a  slightly  divergent  line  of  d 
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The  camel  and  the  deer  can  undoubtedly  claim  the 

iphodon  a.s  their  ancestor. 

species  of  rhiuocerds  has  been  found  also  in  our 
item  countrj'.  As  this  vast  region  was  once  the 
of  the  great  megalosaurus,  where  he  flourished 
so  abundantly,  he  could  undergo  some  anatomical 
changes  iu  the  course  of  the  ages,  induced  by  the 
higher  needs  imposed  upon  hini  by  newer  conditions. 
and  so  become  transmuted  slowly  into  a  new  animal 
'form — the  rhinoceros. 

Several    varieties   of  turtles    (Chelonia)   have    been 
id  both  in  our  country  and  in  Europe,  in  widely 

;tended   localities,    during    Cretaceous    and    Eocene 
They  differed  but  little  from  tlic  present  living 
species. 

The  appearance  of  such  an  animal  leads  us  to  inquire 
by  what  process  of  evolution  he  came  upon  the  earth. 
Who  was  his  progenitor?  In  a  previous  figure  we 
have  a  view  of  a  large  saurian,  the  teleosaurus,  that 
lived  in  the  Jurassic  period.  We  .see  that  this  animal 
had  a  curious  arrangement  of  the  integument  oa  his 
back  and  abdomen,  which  formed  a  hard  and  resistant 
cuirass  or  shield.  It  was  marked  off  in  rhomboidal  or 
octagonal  plates,  and  served  as  a  strong  defensive 
armor  to  the  animal. 

He  was  a  vertebrate,  and  his  fossil  bones  show  that 
his  osteological  development  was  of  an  advanced  order. 
He  was  also  an  ovipara,  laying  his  eggs  on  the  dry 
land,  where  externa!  heat  brought  them  to  raaturitj'. 
He  was  of  amphibious  habits,  living  both  iipon  the 
land  and  in  the  water  with  the  greatest  freedom  of 
movement.  It  needed  but  a  shortening  of  the  bones 
of  the  jaws — the  pre-maxillary  bones— and  a  shortening 
of  the  tail  to  change  biiu  to  a  turtle.     Such  a  change  in 
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the  anatomical  structure  of  the  teleosaurus  could  m* 
occur  unless  a  reason  existed  to  induce  it.  No  change 
in  its  physiological  functions  was  needed.  They  re- 
mained the  same  iu  both  species  of  animal.  What 
brought  about  his  change  in  anatomy  ?  The  teleo- 
saurus sought  his  food  in  the  sea,  and  to  enable  him  lo 
seize  it,  a  loug  jaw  and  sharp  teeth  were  necessaiy,  » 
well  as  a  powerful  tail  to  propel  him  rapidly  throagh 
the  water. 

As  food  became  more  abundant — ^and  we  know  the 
Tertiary  seas  swarmed  with  a  various  multitude  otlife, 
— and  as  less  effort  was  needed  to  procure  it,  the  long 
jaw  of  this  animal  slowly  atrophied  through  disuse, 
and  at  the  same  time  the  teeth  became  less  developed. 
These  qualities,  naturally  enough,  were  transmitted  to 
successors,  until  a  sufficient  divergence  from  the  ori^- 
nal  type  occurred  to  cause  individuals  with  shortei 
jaws  and  slower  movements  to  seek  each  other  ai 
consort  more  together.  At  the  same  time,  a  mo 
deliberate  movement  caused  an  atrophy  of  the  C 
through  disuse.  In  this  way  the  jaws,  teeth,  and  t 
of  the  teleosaurus  suffered  a  change  in  structure,  whD 
the  cuirass  remained  the  same,  and  the  new  animal, 
with  these  modifications  in  his  external  configuratiaa 
was  doubtless  the  turtle. 

In  modem  turtles  we  see  a  considerable  variety  c 
form,  habits,  and  special  structure.  These  are, 
ever,  when  closely  examined,  much  less  in  degree  thd 
appears  at  first  sight.  All  are  constructed  upon  the 
same  plan,  and  while  some  are  marine  and  some  teC 
restrial,  they  are  all  cold-blooded,  vertebrated,  oviparoD 
reptiles. 

The  dorsal  and  ventrnl  shell  of  turtles  belongs  to  tl 
tegumentary  system,   and  is  subject  more  or  less  1 


The  Cenosaic  Age. 


219 


change  in  form.  The  tegumeotarj'  plates  seen  in  the 
shells  of  most  turtles  is  plainly  a  continuation  through 
long  ages,  of  the  pachydermatous  hide  of  the  megalo- 
saurus,  modified  by  subsequent  chauges. 


FtO.  60.— BKELEroN  OF  TURTLE. 

The  skeleton  of  the  order  of  turtles— CA^/(W(0 — is 
well  shown  in  Fig.  60.  It  will  Ix;  seen  in  this  figure 
that  the  spinous  processes  have  coalesced  with  the 
,ribs,  and  these  form  an  immovable  bony  framexvork  to 
support  the  shell  above,  and  to  protect  the  internal 
organs  beneath. 

The  bones  of  the  skull,  and  of  the  anterior  and  pos- 
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terior  limbs  are  just  the  same  in  imniber,  t 
uses  as  are  tltose  of  all  vertebrata. 

The  turtles  of  the  Teitiar)'  pc'i<>(l>  ^nd  many  modem 
tnrtles  cannot  ictiie  tbe  bead  and  limbs  within  the 
shell  for  protection,  while  others  can  do  this  with 
perfect  case. 

The  large  land  tortoises  cannot  do  this,  nor  the 
large  marine  turtles.  Fossil  turtles  are  found  in  vrideljf 
.separated  localities,  showing  they  were  unrestricted  in 
their  migrations.  I,aud  turtles  are  now  found  in  n 
parts  of  the  world,  while  the  marine  ^lecies  are  no  kaa 
extensively  distributed. 

At  the  islaud  of  Ascension,  a  volcanic  peat  in  the 
South  Atlantic  Ocean,  I  have  watched  the  green  edible 
turtle  (Chelonia  widas^  as  they  came  ashore  on  tbe 
beach  at  night  to  lay  their  eggs.  They  are  found  ii 
great  uumbers  in  the  sea  near  the  island,  and  I  ban 
seen  them  fifty  miles  from  the  land. 

I  have  a  fine  specimen  of  the  tortoise-shell  turtle  1 
captured  iu  the  Magdaleua  River  in   Colombia, 
another  one  I  caught  on  the  coast  of  Peru,  near  Callao. 

In  tbe  Eocene  period  the  Dolphin  appeared,  a  ti 
fiah,  tbe  progenitor  of  the  modem  dolphins  now  af 
abundant  iu  tbe  warmer  waters  of  tbe  Atlantic  ai 
Pacific  oceans. 

In  this  period  also  appeared  several  forms  of  t1 
great  aquatic  or  marine  camivora — namely,  the  Seal 
Walrus,  Sea-Lion,  and  Elephant-Seal. 

Tbe  fossil  bones  of  these  animals  have  been  fount 
in  several  localities  on  our  Atlantic  sea-coast,  but  i 
great  profiision  in  that  vast  ancient  fossil  cemetery,  n 
Montana,  Idaho,  and  Oregon,  where  recent  reaearc 
have  brought  to  light  so  many  forms  of  Tertiary  a 
life. 
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There  can  be  no  doubt  that  these  four  n 
vora  were  evolved  from  a  single  progenitor,  following 
le  same  line  of  developmeut  as  the  whale,  and  show- 
ing close  parallelism  in  llieir  structure,  functions,  and 
mode  of  life.  All  are  carnivorous  in  their  nature,  living 
the  sea,  but  air-breathers,  and  more  or  less  capable 
of  moving  on  the  laud.  They  are  warm-blooded 
inammals,  bringing  fortli  their  young  alive,  and  seek 
the  shore  at  short  intervals  to  nourish  them. 

The  seals  (Phodda)  tlie  walruses  (  Trickechida)  the 
sea-lions  f  Otariidte).  and  the  elephant  seals  (Macro- 
rkinida),  have  all  sprung  from  a  common  stock,  and 
from  the  same  ancestors. 

As  the  mammalian  whale  sprang  from  a  land  saurian, 
and  in  the  course  of  ages  became  sufficiently  modified 
to  propagate  himself  as  a  new  form  of  animal  life,  so 
these  animals  sprang  from  a  saurian,  and  probably  the 
same  saurian,  and  in  the  course  of  ages,  by  following 
slightly  varied  lines  of  development,  the  closely  allied 
forms  as  we  now  see  them  were  evolved.  In  anatomi- 
cal structure  all  the  fossil  bones  are  strikingly  alike, 
both  of  the  seal  and  walrus. 

It  seems  there  can  be  no  valid  doubt  that  these  ani- 
mals owe  their  origin  to  one  of  the  earlier  saiuian 
forms  of  life,  and  from  what  we  have  already  said  in 
regard  to  the  changes  of  anatomical  structure  and 
physiological  function,  they  could  easily  descend  in 
the  course  of  time  from  such  an  animal  as  the  hylse- 
osaurus.  In  the  slow  modifications  of  this  creature 
to  produce  a  sea!  or  a  walrus,  the  intermediate  forms 
would  be  less  stable  in  structure  than  the  complete 
animal,  and  consequently  more  liable  to  destruction. 

If  time  and  capital  could  be  employed  in  an  ex- 
haustive research  of  the  vast  wealth  of  fossil  remains 
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fouiid  in  Europe,  and  in  our  own  countrj',  only  a  small 
part  of  whicli  has  yet  been  subjected  to  systematic 
scientific  inquiry',  there  is  little  doubt  that  many  transi- 
tion forms  could  be  found. 

Tlie  disco\'er>'  of  such  transition  forms  is,  however, 
not  at  all  necessary  to  firmly  establish  the  truths  of 
evolution.  That  is  a  la^  as  positive  as  any  law  in  the 
universe. 

When  we  compare  the  fossil  bones  of  the  seal  of  the 
Eocene  period  with  those  of  living  species,  we  seen' 
practical  differences  l>etween  them.  The  ancient  seals 
had  a  wide  range  of  distribution  as  do  those  of  our 
time,  and  while  none  of  the  Tertiarj'  forms  now  exist, 
it  seems  probable  that  they  lived  in  most  of  the  locali- 
ties where  they  are  at  present  found.  Modern  seals- 
prefer  a  cold  climate  and  live  by  preference  in  the* 
higher  latitudes.  They  are  found  in  vast  numbers  on 
the  coasts  of  Alaska,  and  lu  the  Straits  of  Magellan, 
near  the  Pacific  entrance  to  the  Straits,  and  in  Smyth'! 
Channel.  I  have  seen  them  in  such  numbers  playing 
in  the  water  that  our  ship  seemed  sailing  across  i 
black  plain.  There  must  have  been  many  milUcm 
of  them.  They  were  of  the  varietj-  known  as  "  hatt 
seals,"  and  being  unaccustomed  to  the  approach  of 
man,  and  consequently  fearless,  we  could  almost  toud 
them  with  our  hands. 

The  head  and  teeth  are  decidedly  carnivorous  ] 
character,  while  the  spinal  column,  ribs,  and  bones  0 
the  anterior  extremities  are  those  of  a  mammal. 

The  termination  of  the  spinal  column,  the  imp( 
fectly  developed  pelvis,  and  the  longitudinal  directioi 
of  the  posterior  limbs  are  peculiar,  and  bear  a  doa 
analogy  to  the  Structure  of  the  whale,  and  lead  us  I 
believe  that  the  development  of  both  in  the  Tertiati 


The   Cefiozoic  Ac^,  2  2  '^ 


age  was  from  a  common  saurian  ancestor  and  pro- 
ceeded simultaneously  along  lines  of  almost  parallel 
evolution.  The  divergence  is  very  slight  when  we 
actually  compare  the  osteology  of  the  two  animals. 
The  difference  in  size  is  only  relative. 

The  sea-lion  is  more  highly  developed  in  his  bony 
structure,  and  is  consequently  more  active  in  his  move- 
ments on  land  and  in  the  water. 

I  regard  the  sea-lion  as  a  more  advanced  develop- 
ment, structurally,  than  the  seal.  He  undoubtedly 
sprang  from  the  same  saurian  stock  as  the  seal,  and 
pursued  the  same  line  of  evolution.  In  habits  and 
mode  of  life  he  is  essentially  the  same,  and  is  found  in 
nearly  the  same  localities.  I  had  an  excellent  oppor- 
tunity for  watching  these  animals  on  Dungeness  Point, 
near  the  Atlantic  entrance  to  the  Straits  of  Magellan. 
I  drew  one  of  the  ship's  boats  up  on  the  sandy  beach, 
and  remained  quiet  in  it.  They  took  no  notice  of  me, 
and  crawled  up  on  the  beach  from  the  water  by  thou- 
sands. They  were  playiiil,  and  delighted  to  chase 
each  other  from  the  shore  to  the  water  and  back 
again,  uttering  all  the  while  their  harsh  and  discordant 
cries,  in  the  performance  of  their  awkward  and  ridicu- 
lous antics.  Great  numbers  of  penguin  sat  on  the 
beach  like  sentinels,  and  while  the  sea-lions  passed 
among  them  neither  took  the  slightest  notice  of  the 
other. 

Both  sea-lions  and  penguin  would  come  close  to  my 
boat,  look  at  me,  and  move  away  in  the  most  indiffer- 
ent manner.  In  examining  the  skeleton  of  the  sea-lion, 
by  comparison  we  notice  a  considerable  advance  in 
the  development  of  the  bony  structure  over  the  seals. 

The  walrus  may  be  regarded  in  the  same  light  as 
the  seal  and  sea-lion  in  reference  to  his  original  evolu- 
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lion  and  development,  his  structure,  habits,  and  mode 
of  life.  His  essential  points  of  difference  refer  to  his 
deutitiuu. 

In  the  upper  jaw  are  two  long,  powerful  iiiski,<s 
canine  teeth,  sometimes  attaining  a  length  of  two  fret 
in  a  full-grown  adult.  These  tusks  were  not  so  well 
developed  in  the  early  Tertiar>-  walruses,  as  the  fosal 
skulls  of  these  creatures  show.  It  is  the  modem  spedfS 
that  is  thus  armed.    The  reason  for  this  is  evident   hi 


FIQ.  6!. -HEAD  OF  MODERN  WALRUS. 

the  Tertiar>'  seas,  the  early  home  of  the  walrus,  the 
water  was  warm,  the  temperature  equable,  and  food 
abundant  and  easily  obtained.  Under  such  favorabls 
conditions  the  teeth  remained  of  a  carnivorous  tj-pe, 
fitted  for  the  simple  uses  of  the  animal.  But  in  modem 
times  the  walrus  is  an  arctic  dweller,  and  in  his  home 
in  icy  seas  he  has  to  break  his  way  through  thick  ice 


Cenosoic  Age. 

e  to  the  surface  to  breathe,  and  he  has  an  active 

my  to  avoid  in  the  polar  bear. 

lese  two  reasons  would  be  sufficient  to  induce  a 

cial  growth  of  his  upper  caiiine  teeth.   In  his  efforts 

L  his  body  out  of  the  water  he  aids  himself  by 

setting  his  teeth,  often  with  terrific  force,  into  the 

■.  and  thus  drags  himself  up  on  it.     When  he  has 

ragged  his  body  in  this  way  on  the  ice,  a  new  danger 

rafronts  hini,  namely,  the  attacks  of  the  formidable 
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polar  bear.  The  walrus  must  defend  himself  from  this 
fierce  enemy,  and  he  does  this  by  turning  his  head 
from  side  to  side  so  as  to  present  his  teeth  as  weapons 
of  defence. 

Under  the  law  of  use  the  canine  teeth  would  be 
stimulated  to  greater  development,  until  they  reached 
the  size  we  now  find  them. 

In  Fig.  6i  we  see  the  head  of  the  modern  walrus,  and 
3  his  characteristic  dentition. 

The  modern  eUphanl-seal  affords  another  example 
f  the  parallel  development  of  auimal  life.     Like  the 
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sea-lion,  the  seal,  and  the  walrus,  he  owes  his  origin  to 
a  remote  saurian  ancestor,  and,  like  them,  set  out  on  a 
path  of  parallel  evolution,  and  differed  at  first  but  little 
from  them.  In  the  course  of  time,  however,  he  found 
a  new  use  for  his  mouth  and  lips  in  procuring  food,  and 
this  new  use  induced  an  increased  growth  and  greater 
development  of  the  parts,  until  a  sort  of  proboscis  was 
formed,  which  the  animal  used  as  a  prehensile  organ. 
Fig.  62  shows  this  animal. 

In  his  general  anatomy  he  re.sembles  the  other  a 
mats  of  his  class. 

Some  fossil  vertebras  have  been  found,  both  here  and 
in  Europe,  without  any  evidences  of  limbs,  and  from 
the  peculiar  characters  of  these  tones,  it  is  belie\'ed 
they  were  the  first  of  the  tnit  snakes. 

On  what  was  in  the  Eocene  age  the  Atlantic  bord 
of  our  continent,  a  large  serpent  has  been  found.     Thl 
was  Titanophis,  an  animal  about  thirty  feet  in  length, 
and  of  aquatic  habits.     Several  other  species  have  also 
been  found  of  considerably  smaller  size. 

Fossil  bones  of  several  varieties  of  birds  have  been 
found  in  the  Eocene  beds  of  Europe  and  our  own 
country.  Some  of  them  were  tong-lirabed,  and  evi- 
dently belonged  lo  a  wadhig  bird  or  stork — some  were 
well  defined.  like  hesperomis  and  ichthyomis,  while 
others  were  less  perfectly  developed,  showing  they 
belonged  to  transition  types  of  evolution. 

The  evolution  of  birds  was  undoubtedly  from  the 
dinosaurs.  We  have  seen  that  tliese  latter  creatures 
were  saurians  that  walked  in  a  more  or  less  upright 
position  upon  their  posterior  limbs.  These  reptiles,  in 
the  course  of  ages,  diverged  in  their  anatomical  struct- 
re.  and  gave  rise  to  animals  that  were  very  bird-like 
1  their  osseous  analomy^and    these    reptilian  1 
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and  bird-like  reptiles  have  been  found  so  well  pre- 
served that  no  reasonable  doubt  exists  that  the  dinosaur 
Was  the  progenitor  of  the  birds.  These  Eocene  birds 
Were  not,  however,  like  our  modem  birds.  Most  of 
them  had  only  a  rudimentary  wing,  wholly  incapable 
of  buojring  the  body  upon  the  air.  The  legs  were 
long,  which  enabled  them  to  wade  with  ease  and 
safety  in  the  lagoons  and  marshes  of  that  period. 

The  act  of  aerial  flight  was  doubtless  developed  long 
after  their  evolution  and  separation  from  their  saurian 
ancestry.  The  effort  of  flapping  these  rudimentary 
wing-like  extremities,  continued  during  long  periods 
of  time,  finally  led  to  a  more  perfect  development  of 
the  part  through  increased  nutrition,  and  a  consequent 
increased  cell-growth,  until  a  limb  was  developed  that 
gradually  partook  of  the  characters  of  a  true  wing, 
capable  of  buoying  his  body  in  the  air  and  of  develop- 
ing the  power  of  true  aerial  flight,  thus  giving  him  the 
power  of  moving  his  body  and  propelling  it  from  place  to 
place  in  the  air.  The  imperfect,  bat-like  wing  of  the 
pterodactyl  of  the  Jurassic  period  was  a  web-like  mem- 
brane stretched  from  the  greatly  elongated  little  finger 
to  the  sides  of  the  body. 

This  anatomical  structure  has  been  without  doubt 
transmitted  to  the  modem  bats,  who  fly  with  such  an 
intermittent  motion.  But  a  deviation  in  development 
at  length  occurred,  and  the  bones  of  the  hand  changed 
to  give  a  firmer  support  to  the  expanded  web. 

This  web  was  a  thin  expansion  of  the  external  in- 
tegument or  skin,  and  was  delicate  in  structure.  As  a 
protection  to  it,  little  prolongations  of  itself  were  de- 
veloped until  the  hairs  thus  formed  became  a  protective 
covering,  and  greatly  aided  the  act  of  flight. 

These  hairs,  under  the  influence  of  long-continued 
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activity,  increased  vascularitj',  and  greater  nutritioi,! 
in  a  dry  air  and  sunlight,  developed  lateral  dliar>-  pw 
cesses,  until  finally  the  web-like  membrane  on  thenidi-1 
mentaiy  wings  of  the  Eocene  birds  became  cm-ered 
with  these  tegumentar>'  growths  at  feathers.  It  was 
not  until  after  a  true  feather  was  developed  that  a  true 
wing  could  be  fonned  capable  of  buoying  the  animal  in 
tlie  air  in  the  act  of  flying. 


The  varieties  of  modeni  feathers,  and  their  i 
and  often  brilliant  coloring,  arc  superficial  characte 
and  are  mainly  influenced  by  the  habits  of  the  anim 
by  environment,  and  by  climatic  changes. 

Towards  the  middle  of  the  Eocene  period  the  great  ' 
region  lying  between  the  Rocky  Mountain  range  on  the 
east,  and  the  Wasatch  range  on  the  west  became  the 
home  of  a  atrange  group  of  large  niainmals.     In  thtt.^ 
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special  locality,  in  those  remote  ages,  there  were  a 
number  of  great  fresh-water  lakes.  The  shores  of  these 
Eocene  lakes  furnished  a  coiigenial  home  to  vast  num- 
bers of  gigantic  ra;immals  who  lived  and  flourished 
there  in  a  remarkable  degree.  These  aiiimals  have  been 
called  the  Dinocerata.  They  were  mammals  of  large 
size,  with  herbivorous  habits,  and  a  special  dentition 
fitted  for  a  vegetable  diet.  In  the  males  there  was  in 
the  upper  jaw  a  long  well -developed  canine  totjth  or 
tuslc,  decurved,  and  having  a.  sharp  bayonet-like  point. 
This    terrible  weapon   made   the  beast  a   dangerous 


enemy.  When  the  mouth  was  closed  this  tootli  was 
protected  by  a  wide  bony  process  on  the  lower  jaw. 
On  the  head  were  four  roughened,  uneven,  bony  horn- 
cores,  showing  the  animal  had  ample  means  for  defenci.'. 
The  entire  bony  skeleton  was  of  great  size  and  massive 
development. 

When  we  see  the  skeletons  of  these  great  elephant- 
like  animals  tliat  lived  near  those  Eocene  lakes  in  our 
western  countrj'  we  ask  at  once  what  induced  the 
development  of  such  immense  creatures,  and  from  what 
previous  animal  form  were  they  descended.  The  recent 
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discovery  of  the  dmocerata  has  made  us  acquainted 
ivith  a  new  and  strange  species  of  animal  unknown  to 
us  a  few  years  ago.  We  know  that  this  special  region 
where  they  have  been  found  was  also  the  home,  during 
Cretaceous  and  Eocene  time,  of  Other  great  animal  i 
forms.  Here  the  paleotherium  was  evolved  and  lived 
and  flourished,  and  it  is  very  probable  that  this  great  1 
animal  diverged  in  the  course  of  time  and  developed 
gradually  into  the  greater  and  slightly  more  advanced 


dinoceras.  All  the  conditions  of  life  were  favorable  t 
such  a  change  of  form.  The  air  was  warm  and  equa- 
ble, vegetation  abundant  and  easy  to  obtain.  Waterin 
those  ancient  lakes  was  in  profusion,  and  all  of  the  o 
ditions  of  life  were  easy.  In  such  a  scene  of  plenty  it 
was  easy  for  rapid  development  to  lake  place  through 
amplenntrition,  which  stimulates  greater  growth.  The 
Eocene  ages  were  snfGciently  loug  for  these  changes  ft» 
take  place,  and  there  can  be  no  reasonable  doubt  that 
they  did  take  place  in  this  way.     In  a  later  age,  wb« 
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was  elevated  to  mountain  heights,  and  the 
adjacent  peaks,  and  the  slowly  deepening 
drained  those  Eocene  lakes  and  changed  them 
to  dry  land,  these  great  animals  found  themselves  in 
a  new  and  less  favorable  enviroiunent,  and  their  extinc- 
tion finally  followed. 

Their  huge  fossil  remains  have  only  been  recently 
(bund  in  our  western  country  by  our  own  geologists. 
They  were,  therefore,  solely  a  product  of  evolution  of 
North  America. 

A  remarkable  development  of  minute  marine  moUus- 
can  life  occurred  in  the  Early  and  Middle  Eocene  ages — 
namely  the  NummuUtes.  These  were  little  animals 
of  an  intricate  structure  that  lived  in  a  circular  shell 
divided  into  many  small  chambers  or  partitions.  From 
this  special  circumstance  and  from  their  resemblance  to 
a  coin  they  have  received  their  name  of  nummulite, 
from  the  Latin  word  nummus — a  coin. 

They  were  thin  and  flat  and  measured  from  one  third 
to  one  inch  iu  diameter.  When  one  sideof  the  animal's 
shell  is  removed  the  little  chambered  cells  are  seen 
arranged  in  a  regular  circular  coil.  The  minute  deli- 
cate creature  lived  in  these  cells,  and  came  in  contact 
with  the  outer  world  by  means  of  cilia  or  delicate  thread- 
like filaments  which  passed  out  through  numerous 
openings  in  the  shell.  This  special  anatomical  struct- 
ore  has  given  him  his  scientific  name  of  rhizopod,  or 
animal  with  a  rool-like  fool.  When  we  examine  the 
delicate  shells  of  these  animals  attentively  we  are  led 
to  believe  that  they  were  formed  by  a  string  of  cells 
placed  in  contact  like  a  string  of  beads,  and  that  they 
afterwards  became  coiled  up  in  the  shape  of  a  coin,  or 
like  a  coil  of  rope  on  a  ship's  deck.  While  in  this 
position  the  cell-membrane  of  each  cell  secreted  a  qtian- 
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tity  of  lime  and  organized  it  into  a  row  or  series  of  little 
shells  which  afterward  became  connected  by  contact 
into  a  chambered  shell.  In  this  way  the  nummulite 
was  formed. 

Their  propagation  was  doubtless  from  the  formation 
of  new  cells  by  budding  of  the  parent  cell  before  the 
shell  was  secreted,  and  these  aggregating  and  forming 
strings  of  cells  gave  rise  to  new  individuals. 

As  they  died  after  reaching  maturity  they  sank  tft- 
the  bottom  of  the  sea  where  they  had  Hved,  and  their 
calcareous  shells  in  the  course  of  time  hardened  into 
stone,  and  it  is  now  known  as  nummulitic  limestone, 
is  of  this  stone,  which  is  white,  hard,  and  durable,  that 
the  pyramids  of  Egypt  are  built. 

I  have  in  my  cabinet  specimens  of  this  stone,  of  a 
pure  white  color,  in  whicL  the  nummulites  are  distinctly 
seen.    They  were  obtained  in  Upper  Eg>'pt. 

The  ninnmulites  were  exceedingly  prolific  and  ex- 
tensive Ml  their  distribution, 

The  beds  of  limestone  composed  entirely  of  the 
.  shells  of  these  little  aniraals  are  in  some  places  more 
than  three  thousand  feet  in  thickness,  and  play  a  far 
more  conspicuous  part  than  any  other  tertiary  rocks  in 
the  solid  framework  of  the  earth's  crust,  either  i 
Europe,  in  Asia,  or  in  Africa, 

These  nummulitic  beds  occur  in  the  London  and 
Paris  basins,  and  extend  from  thence  to  the  Alp^, 
where  they  reach  a  height  of  ten  thousand  feet  above 
the  sea.  Then  to  the  Carpathians  and  into  Algeria, 
Morocco,  and  Egypt,  and  onward  into  Asia  Minor, 
across  Persia  by  Bagdad  to  the  mouths  of  the  river 
Indus.  They  form  the  great  mountain  ranges  whidi 
separate  Scinde  from  Persia,  and  the  lofty  passes  lead- 
ing to  Caboul.     They  follow  on  still  farther  eastwaift 
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into  India  and  Bengal  and  the  distant  frontiers  of 
China,  and  largely  form  the  mountains  of  Afghanistan, 
the  southern  slopes  of  the  Himalayas,  and  reach  the 
stupendous  elevation  of  more  than  sixteen  thousand 
feet  in  Western  Thibet. 

When  we  reflect  on  the  vast  extent  of  these  lofty 
mountain  ranges,  covering  such  immense  areas  in  the 
Eastern  Hemisphere,  and  remember  that  they  are 
largely  composed  of  the  shells  of  these  little  animals, 
we  can  form  some  idea  of  the  irresistible  power  of 
nature,  .ind  of  how  immensely  prolific  she  is,  espe- 
cially in  the  lower  forms  of  life,  in  producing  such 
countless  millions  of  little  creatures,  whose  aggregated 
lossil  remains  form  such  vast  areas  of  the  earth's  solid 
crust. 

As  these  nummulites  were  marine  animals  living 
wholly  in  the  sea,  it  follows  that  the  great  mountain 
systems,  such  as  the  Alps  and  Pyrenees,  the  Carpa- 
thians, and  the  lofty  Himalaya  range,  which  are  so 
largely  composed  of  their  fossil  shells,  could  not  have 
uplifted  their  mighty  barriers  until  late  iu  the  Tertiary 
period. 
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CHAPTER  X. 

THE  CENOZOIC  AGR  :— THE  TERTIARY  PERIOD.   TH«J 
AGE  OF  MAMMALS— Continued. 

The  Miocene  period — The  Grand  Canon  of  the  Colo™^*" 
Bronlopa  robustua — Dinotheriuui — Mastodoo— No  missing 
link — Fossils  from  the  John  Day  River — Fossils  from  llit 
Siwalik  Hills — Si valherjuin ^Development  of  the  auUn- 
The  anoplotberium  is  the  profceiiilor  of  the  hyena,  dfic, 
and  ape— Dog-like  apea— Fruit-trees— Bank  si  a— Mesoptlic- 
cixs —  Ijobsters — Crabs — Lignite — Amber — Diatoms — Mtao- 
hippus— Miohi  ppus. 

THE  MIOCENE   PERIOD. 

The  Miocene  period  of  Europe  closely  corresponds 
to  the  Middle  Tertiarj-  period  of  otir  own  country.  The 
changes  that  occurred  in  the  area  of  dry  land  were  tl 
considerable.     The  continents  remained  practically  ti 
same.     The   temperature  of  the  air  was   univeis 
warm  and  equable,    the  trees  and  plants  lived  i 
flourished  equally  well  everywhere — at  the  poles  a 
under  the  equator. 

Thewatersof  the  seas  were  still  warm,  and  it  is  pro 
able  that  they  were  also  still  fresh,  or  at  the  most  only 
very  slightly  brackish,  for  although  tliere  were  some 
rivers  at  this  time,  none  of  the  great  rivers  existed,  1 
the  high  mountain  ranges  that  determine  so  lai 
the  formation  of  river  systems  were  not  uplifted  u 
long  after  the  close  of  the  Miocene  period. 
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About  this  time  the  great  area  of  land  in  our  coun- 
try now  forming  part  of  the  States  of  Arizona,  Nevada, 
3.nd  Lower  California  was  uplifted  above  the  sea  and 
became  dry  land,  a  wide  barren  stretch  of  hard  sedi- 
inentary  rock  resting  upon  other  strata  of  rock  that 
had  been  formed  in  the  Cretaceous  and  Jurassic  seas. 
This  vast  area  of  desolate  rock  attained  an  elevation  in 
its  most  northerly  part  of  about  eight  thousand  feet 
above  the  sea,  and  thence  sloped  gradually  in  a  southerly 
direction  down  to  the  Gulf  of  California. 

The  Rocky  Mountains  did  not  then  exist. 

As  the  rains  fell  upon  this  great  stony  waste,  little 
channels  were  slowly  cut  in  the  rocks  by  the  running 
waters.  The  direction  of  these  streams  was  towards 
the  south. 

As  time  went  on,  the  channels  were  cut  deeper  and 
deeper.  Little  side  gullies  were  also  formed  by  the 
waters  fix)m  the  falling  rains,  and  these,  pouring  their 
added  floods  to  those  of  the  main  channel,  caused  a 
more  rapid  erosion,  which  went  steadily  on  for  ages, 
until  a  deep,  gloomy,  and  mighty  canon,  the  Grand 
Canon  of  the  Colorado  River,  was  formed,  with  vertical 
walls  in  some  places  sinking  to  the  stupendous  depth 
of  more  than  five  thousand  feet. 

At  the  same  time,  the  winds,  with  restless  energy, 
adding  their  forces  to  the  rains,  wore  away  the  surface 
rocks,  first  the  Upper  Tertiary  layers,  then  the  Creta- 
ceous layers,  and  lastly  the  Jurassic  layers,  leaving  the 
land  in  a  series  of  great  terraces,  sloping  towards  the 
south,  and  cut  deeply  in  many  directions  by  the  Grand 
Canon  and  its  numerous  tributaries,  some  of  which 
were  almost  as  deep  as  the  Grand  Canon  itself.  Here 
and  there  are  seen  masses  of  rock  harder  than  the  rest, 
which  resist  the  action  of  wind  and  rain,  and  these 
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have  been  left  to  stand  alone,  lite  great  sentinels  in  lb 
midst  of  a  wide  solitude,  some  having  a  dome  sliape,B 
others  rising  like  mightj*  columns  or  vast  mined  temples-B 
In  Fig.  66  such  a  scene  is  well  shown. 


FIQ.  fi6.— QRAND  CAMUN  OF 


In  the  foreground  we  see  tlie  Grand  Canon  where! 
has  cut  its  way  through  the  rocks.  It  winds  away  iafl 
tortuous  course  and  is  lost  in  the  distauce. 
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The  upheaval  of  these  rocks  occurred  iu  the  Tertiary 
period,  toward  the  close  of  the  Miocene  epocli.  The 
channelling  of  the  rocks  began  sonic  time  after,  proba- 
bly during  the  Pliocene  epoch,  and  has  gone  on.  with 
some  interruptions,  until  now.  We  can  gain  some 
idea  of  tlie  immense  lapses  of  time  that  are  requiretl  to 
accompUsh  so  great  a  work  as  the  cutting  tlirough 
more  than  a  mile  of  solid  rock  of  the  Grand  Caiion  of 
the  Colorado.  If  there  is  enough  time  in  a  single 
geological  subdivision  to  accomplish  so  vast  a  work  in 
hard  unyielding  atone,  there  has  indeed  been  ample 
time  since  life  first  dawned  upon  the  earth  to  accom- 
plish all  the  anatomical  changes  thai  have  occurred  in 
the  plastic  and  easily  influenced  \ital  organisms  that 
have  successively  appeared  in  the  grand  career  of 
^.evolution. 

Duriog  early  Miocene  time,  -the  immense  and  fertile 
Ion  that  now  lies  along  the  eastern  slope  of  the 
Rocky  Mountains  was  a  wide- stretching  and  nearly 
level  pasturage.  Great  fresh-water  lakes  existed,  the 
air  was  warm,  and  vegetation  rich  and  abundant.  In 
this  favored  region  a  new  form  of  animal  life  was 
evolved,  namely,  the  BrontopS  Robustus.  He  was 
of  great  size,  nearly  as  large  as  the  modem  elephant, 
and,  as  he  had  herbivorous  habits,  he  found  a  congenial 
habitat,  well  adapted  for  a  great  anatomical  develop- 
ment, in  that  region  of  luxuriant  vegetation.  The 
brontops  lived  in  large  herds  in  that  highly  ftivored 
locality,  and,  as  he  found  the  conditions  of  life  easy,  he 
developed  rapidly.  The  fossil  bones  of  this  animal 
have  been  found  iu  great  numbers  in  recent  years  in 
the  Miocene  deposits  lying  along  the  eastern  borders 
of  the  Rocky  Mountain  highlands.  In  the  Yale  Mu- 
i,  at  New  Haveu,  Conn.,  are  nearly  two  hundred 
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skeletons  of  this  huge  animal.     In  Fig.  67  we  see  the 
restored  skeleton  of  one  of  these  creatures. 

If  we  compare  him  with  dinoceras  and  tinoceras,  we 
shall  see  that  he  is  a  continuation  of  development 
of  those  two  great  Eocene  mammals,  and  it  is  ex- 
tremely probable  that  he  is  descended  from  them,  and 
is  a  more  advanced  type  of  the  same  animal,  having 
t>ecorae  more  highly  developed  in  a  later  and  more 


favorable  age,  amid  surroundings  that  contributed 
his  greater  anatomical  growth. 

The  brontops  has  thus  far  only  been  found  in 
own  western  countr>'.  Here  he  seems  to  have  been 
evolved,  and  here  he  lived  for  ages  aud  died.  In  that 
age,  when  a  tropical  verdure  overspread  the  whole 
earth,  when  the  arctic  regions  were  as  favorable  to  the 
support  of  animal  life  as  the  regions  near  the  equator, 
animalt  migrated  with  ease  from  America  to  Si 
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across  the  Arctic  Archipelago.  The  brantolherida 
Could  have  thus  easily  migrated  until  they  reached 
the  great  European  pastures,  and  there  in  the  course 
of  ages  slowly  changed  into  other  and  modified  shapes. 
Such  a  modified  shape  is  the  Dinotherium,  whose 
fossil  bones  have  been  found  in  several  localities  in 
Europe.  This  animal  closely  resembled  brontops  in 
size,  form,  and  in  his  bony  anatomy.     He  was  of  nearly 


the  same  size,  and  had  the  same  habits,  being  a  vege- 
table  feeder.  But,  unlike  brontops,  the  dinotherium 
lad  sharp  recurved  tUsbs  or  canines  in  the  lower  jaw. 
L-  development  of  these  tiists  was  due  to  the  habits 
f  the  animal  in  digging  in  the  ground  for  succulent 
»ot5,  upon  which  he  delighted  to  feed,  in  addition  to 
bis  ordinary  herbivorous  diet. 

Fig,  6S  we  see  a  restored  outline  of  the  dino- 
■rium,  with  his  short  proboscis  or  trunk. 
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The  dtnotherium  was  without  doubt  a  modified 
btontops,  and  his  modifications  in  anatomical  structuic 
were  due  to  a  changed  mode  of  life.  His  osteology 
diSers  but  little  either  in  the  size,  shape,  and  funaions 
of  the  bones. 

He  is  a  modified  brontops,  and,  in  a  new  region  and 
amid  slightly  diflfereiit  s-urroundings,  he  has  folloft-wla 
line  of  evolution  and  development  deviating  but  litUe 
from  that  animal.  He  i.s  not  greatly  unlike  his  pro- 
genitur,  while  bts  habits  and  physiological  fmictions 
are  the  same. 

His  general  modes  of  life,  also,  are  the  same.  His 
main  difierences  are  his  size,  and  his  recurved  tasks 
in  his  lower  maxitlar>-  bone,  or  jaw.  The  develop- 
ment of  these  tusks  could  easily  occur  in  the  course  of 
time  by  a  habit  of  using  the  lower  canine  teeth  in 
<l'gg"'g  '"  the  ground  for  rhizomatous  food. 

The  dinotherium  belongs  to  the  same  order  of  ani- 
mals as  the  pig,  peccar;-,  tapir,  and  elephant. 

He  was  an  intermediate  form,  living  just  before  the 
true  elephants  appeared,  and  having  attained  a  pro 
digious  bodily  development,  continued  on  through  the* 
Tertiary  period,  and  finally  became  extinct. 

The  Mastodon,  another  of  those  great  elephant-likv 
animals,  appeared  in  the  Miocene  period.  He  is  by  6u 
the  most  important  and  interesting  of  this  special 
group  of  huge  pachyderms.  He  has  received  his  name 
from  the  peculiar  teat-like  projections  on  the  sturfece  of 
his  molar  teeth,  which  are  arranged  in  pairs.  From 
tliis  anatomical  peculiarity  of  his  dentition.  Cuvier 
called  him  the  mastodon — the  teat-like  toothed  animal. 
His  favorite  habitat  seems  to  have  been  the  southerly 
slopes  of  the  Laurentian  Hills,  in  our  own  country,  os 
the  finest  fossil  bones  have  beeu  found  on  the  banks  of 
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the  Hudson  River,  near  Newburgh,  and  also  in  Ohio, 
l^uisiana,  and  on  the  upper  Missouri,  and  in  Oregon. 
Later  in  his  career  he  passed  to  the  north  also,  and 
went  down  through  Siberia  and  Russia,  as  far  south  as 
France,  where  his  bones  have  also  been  found  in  a  well- 
preserved  fossil  state.  In  this  new  scene,  to  which  he  had 
migrated  from  his  original  home  in  North  America,  he 
found  an  agreeable  habitat  and  the  conditions  of  life 
easy.  This  extensive  region,  now  known  as  Europe, 
stretched  away  in  fertile  beauty,  and  aflforded  an  agreea- 
ble abode  for  the  mastodon.  He  was  even  of  a  more 
advanced  order  of  development  than  the  dinotherium. 
He  had  four  long,  straight  tusks,  instead  of  two.  The 
upper  pair  proceeded  from  the  anterior  part  of  the 
upper  jaw — ^the  pre-maxilla — and  were  an  extraordi- 
nary growth  of  the  superior  canine  teeth. 

The  lower  pair  of  tusks  were  also  an  extraordinary 
growth  of  the  inferior  canine  teeth.  They  were  nearly 
straight,  and  not  recurved  downward,  as  in  the  dino- 
therium. 

The  trunk,  or  proboscis,  of  the  mastodon  reached  to 

the  ground,  while  in  the  dinotherium  it  was  short,  and 

did  not  quite  reach  the  earth.     Why  is  this  difference 

in  the  length  of  trunk  of  the  two  animals  so  nearly 

alike  in  bodily  structure  ?    The  reason  is  plain.     Both 

were  herbivorous  animals,  with  habits  and  modes  of 

life  nearly  alike.     But  the  osteology  of  the  mastodon 

differed  slightly  from  that  of  his  cotemporary.     He 

was  a  little  thicker  and  heavier  in  the  form  of  his 

skeleton.     His    legs  were  longer  and  heavier.     His 

ribs  encircled  his  abdomen  as  well  as  his  thorax.     His 

cervical  vertebrae  (seven  in  number)  were  shorter  and 

more  flattened  antero-posteriorly,  and  his  dorsal  spinous 

processes  were  very  long  and  powerful,  to  give  attach- 
16 
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luent  to  the  strong  nuchal  ligament  necessar)- 1 
port  his  ponderous  head. 

A  glaiice  at  Fig.  69  will  show  these  important  poinltl 
in  his  osteology,  and  they  determine  to  a  great  d^ 
the  development  of  the  external  superficial  parts.  Snd 
a  huge  animal  denotes  an  imniobilt/y  of  body,  and  this^ 
must  be  compensated  for  by  a  growth  of  a  muscular 
trunk  or  proboscis,  long  enough  to  reach  the  gronnd 
and  bring  food  and  water  to  the  mouth. 


The  de\-elopnieut  of  the  long  upper  tusks  was  to  e 
able  the  animal  to  dig  in  the  ground  for  roots  whit 
formed  a  part  of  his  food,  and  for  such  defence  as  1 
needed.  The  lower  tusks  were  not  so  important  to  Ii 
wants,  and  they  are  consequently  more  rudimentary. 

If  the  mastodon  is  a  higher  organization  than  tl 
dinotherium,  and  there  can  be  no  doubt  of  this,  tl 
strong  re-curved  lower  tusk  of  the  latter  animal 
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longer  needed,  becomes,  lo  the  course  of  time, 
In  the  former  animal,  an  atrophied  and  much  less  im- 
portant organ. 

The  operation  of  the  law  of  use  and  disuse  is  nowhere 
more  clearly  seen  than  in  the  development  of  this  huge 
creatnre :  of  use.  in  the  growth  of  the  trunk  and  stipe- 
lior  tusks  to  meet  a  special  need  ;  of  disuse,  in  the 
retrogression  and  atrophy  of  the  inferior  tusks  when 
they  no  longer  subserve  a  useful  end. 

In  Fig.  69  we  have  a  restored  outline  of  this  huge 
animal,  now  extinct,  who  lived  and  floiuished  in  the 
Kiddle  Tertiary  or  Miocene  period,  when  our  earth  was 
a  continuous  garden,  blossoming  in  a  perpetual  sum- 
mer. Fanned  by  warm  and  equable  breezes,  watered 
by  copious  and  agreeable  showers,  with  a  luxuriant 
\-egetation  growing  ever>'where,  and  immunity  from 
wild  and  dangerous  beasts,  it  is  no  wonder  that  the 
evolution  of  animal  life  proceeded  rapidly,  and  pro- 
duced such  gigantic  vital  organisms,  under  conditions 
so  extremely  favorable. 

Abundant  food,  external  environment,  and  great 
lapses  of  time,  exert  a  powerful  influence  in  modifying 
tlie  anatomical  structure  of  animal  forms.  Deviations 
from  a  former  type,  however  slight  at  first,  become 
great  in  the  course  of  time,  and  produce  an  orgaiii.'sm 
differing  widely  from  the  original  tj-pe.  These  differ- 
ences are,  however,  much  less  than  would  appear  at 
6rst  siglit,  when  we  examine  them  closely.  As  we 
follow  on  step  by  step  the  order  of  evolution  from  the 
first  vertebrate — the  fish — through  all  the  intermediate 
steps  in  the  ascending  scale,  until  we  arrive  at  the 
highest  of  all — man — we  shall  see  a  gradual  advance  in 
form,  structure,  and  adaptability  of  parts  to  uses,  and 
intelligence,  but  in  all  this  steady  progress  of  de- 
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velopment  there  is  a  continual  moiiificatioii  of  only 
simple  plan. 

We  need  not  look  for  lost  intermediate  forms — fof 
missing  links — to  connect  one  form  of  life  witli  another. 
There  are  no  links  wanting  in  the  long  and  orderly 
chain  of  the  evolution  and  development  of  life, 
study  the  material  before  us,  and  avail  ourselves  of 
many  aids  of  modem  science,  we  shall  find  the  wh< 
chain  of  life  on  the  earth  complete,  with  nothing  want 
ing,  from  the  little  protoplasmic  cell  of  the  Silurian 
to  the  man  of  the  twentieth  century. 

In  two  widely  separated  localities  on  the  earth's  si 
face — namely,  the  region  on  the  John  Day  River  in 
Oregon,  in  our  country,  and  on  the  plains  of  India 
near  the  Siwalik  foothills,  on  the  southern  slope  of  the 
Himalaya    Mountain.s^ — have   been    recently   (bund 
large  number  of  fossil  bones  of  animals,  believed  to 
of  the  Miocene,  or  Middle  Tertiary,  age. 

Those  in  Oregon  were  discovered  in  June,  1889,  by 
scientific  expedition  sent  out  by  Princeton   Colli 
New  Jersey. 

Those  in  India  were  discovered  a  few  years  since 
English  and  French  scientists. 

In  both  regions  the  bones  have  been  shown  to  beloi 
to  the  same  kind  of  animals,  all  now  extinct,  but  soi 
of  which  have  doubtless  been  the  progenitors  of  a  fe 
itioiiem  species.     Among  these  fossils  were  the  boi 
of  the  mastodon,  rhinoceros,  a  three-toed  horse, 
anoplotherium,    the    dinotheriuin,    a    pig-like    ai 
(probably  a  peccary),  a  tapir,  a  stag,  the  sivatheriunt^ 
and  a  species  of  deer  (probably  the  xiphodon),  as  well 
as  a  hyena,  dog.  and  a  species  of  dog-like  ape.     In  both 
localities  are  wide,  grassy  plains,  and  were  so  in  the 
Miocene  period,  long  ages  before  the  Rocky  or  Hi 


I 

-fof^ 

her. 

erly 

1 


The  Ceiiozoic  Age.  245 

laya  Mountains  were  uplifted  into  their  present  exten- 
sive ranges.  We  may  infer  that  these  ancient  animals 
had  a  wide  range  of  geographical  distribution  in  the 
favorable  conditions  of  those  times,  and  naturally  con- 
gregated in  places  where  food  and  water  were  most 
abundant,  and  where  the  landscape  was  most  agreeable 
to  them.  That  they  have  not  been  found  in  other 
localities  means  either  that  they  have  not  yet  been 
searched  for  by  geological  methods,  for  the  sciences  of 
both  geology  and  zoology  are  still  in  their  infancy — or 
perhaps  their  bones  have  been  lost  in  the  great  dis- 
turbances that  followed  the  upheaval  of  moimtain 
ranges  in  a  subsequent  age.  Those  that  have  been 
found  belonged  to  the  animals  of  the  Miocene  and  per- 
haps of  the  Eocene  periods. 

None  of  them  belonged  to  any  modem  animal  tjrpe 
such  as  now  exist  on  the  earth. 

The  bones  of  the  Sivatherium,  so  called  in  honor 
of  Siva^  an  Indian  deity  who  is  worshipped  in  that 
part  of  India,  have  been  found  in  America,  on  the 
plains  of  Northern  India,  and  in  a  few  spots  in 
Europe. 

It  was  a  large  herbivorous  mammal,  having  a  stag- 
like form. 

The  head  and  a  few  bones  only  have  thus  far  been 
found,  but  these  were  so  distinctive  of  a  special  animal 
form  that  naturalists  have  restored  his  external  con- 
figuration with  a  singular  degree  of  fidelity. 

In  Fig.  70  we  have  an  outline  of  the  animal  restored. 

Certain  points  in  the  anatomical  structiu-e  which 
strongly  resemble  the  xiphodon  lead  us  to  believe  he  is 
descended  fix>m  that  animal. 

If  we  compare  him  with  the  xiphodon  we  shall  see 
that  he  is  of  the  same  family,  and  has  the  same  general 
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structure,  and  has  deviated  from  him  but  slighUy,  and 
along  a  line  of  almost  parallel  development. 

The  anllers  of  the  sivatherium  disdaguish  him  from 
tlie  xiphodon,  as  well  as  his  more  compactly  developed 
body. 

It  will  be  noticed  that  he  has  two  pairs  of  antloi 
The  brow  antlers  are  small  at  the  base,  bend  sharplv 
forward.  and  terminate  in  branching  points  or  line. 


The  head  antlers  are  larger  at  the  base  and  i 
suddenly  in  a  vertical  position  into  a  broad  palmate 
form,  surmounted  by  several  short  serrations  or  points. 
The  development  of  the  antlers  is  the  same  in  the 
whole  order  of  the  Cervidie  or  deer  species,  no  matter 
how  varied  the  shape  or  complicated  the  form.  The 
sivatherium  was  the  first  antlered  animal  that  has  thus 
far  been  discovered  in  the  Tertiary  deposits,  and  t 
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process  of  development  of  an  antler,  begun  originally 
in  him.  was  undoubtedly  the  same  that  prevails  to-day. 

What  induced  the  evolution  of  the  antler  ?  It  is  well 
Icnown  that  the  males  of  the  whole  order  of  Cervidse  or 
deer  are  extremely  eager,  jealous,  and  warlike  iu  their 
disposition,  especially  at  the  rutting  season,  tolerating 
the  presence  of  a  rival  with  great  impatience.  Indeed, 
this  disposition  is  so  fierce  that  it  makes  them  danger- 
ous at  this  season,  not  only  to  other  animals,  but  to 
their  own  kind. 

Their  metho<l  of  warfare  is  to  fight  with  the  head. 

It  is  further  known  that  the  strongest  and  most 
generously  nourished  animals  have  the  largest  and 
heaviest  antlers. 

As  the  sivatherium  used  his  head  in  warfare  against 
his  enemies  the  integument  of  the  part  naturally  tended 
to  hypertrophy  under  the  stimulus  of  increased  vascu- 
larity, greater  nutrition,  and  the  law  of  wsf.  In  time  a 
knob  or  protuberance  of  skin  formed  by  a  bulging  up 
of  a  pointed  fold  of  integument,  and  the  inner  surface 
or  cavity  of  this  fold  gradually  assumed  the  power  of 
secreting  osseous  or  bony  material,  in  the  same  way  as 
the  periosteum  secretes  bony  material.  The  membrane 
liuing  the  inner  surface  of  this  fold  of  skin  acted  like  a 
secreting  periosteal  membrane,  just  as  we  now  see  in 
the  case  of  the  periosteal  membranes  of  bones. 

By  this  process  of  the  secrerioii  of  bony  material  from 
the  lining  membrane  of  the  fold  of  skin  the  first  or 
rudimentary  antler  was  formed. 

This  fold  of  skin  in  the  modern  deer  species  is  called 
the  velvet.  It  is  smooth,  delicate,  and  extremely  vascu- 
lar, and  it  secretes  from  its  internal  siuface  the  bony 
material  that  goes  to  form  the  antler. 

This  process  is  now   well  known,  and  occurs  con- 
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stantly  before  our  ob&ervation.  There  is  a  strong 
scientific  reason  for  believing  that  the  process  was  pre- 
cisely the  same  in  the  case  of  the  primitive  antler  of 
the  sivatherium  of  the  Miocene  period.  The  anlh 
differs  fi-om  a  horn.  It  is  a  true  bone,  secreted,  as  wc 
have  seen,  by  a  periosteal  membrane  situated  in  llie 
interior  of  the  velvet,  while  a  hom  is  a  part  of  the  legu- 
mentary  system  and  grows  from  it.  The  primitive 
antler  was  no  doubt  of  simple  structure,  consisting  in 
the  first  instance  of  a  single  projecting  point  or  tint. 
It  gradually  became  more  elaborate  by  the  growth  of 
lateral  expansions  into  branching  points  until,  during] 
the  long  ages  of  the  Miocene  period,  it  became 
ceedingly  complex  and  highly  developed  appendage. 

The  growth  of  a  heavy  antler  induced  a  change 
the  anatomical  structure  of  the  animal's  neck.  As  the 
head  weighted  by  these  appendages  grew  heavier  it 
required  a  stronger  support,  and  this  induced  a  greater 
growth  of  the  nuchal  ligament,  and  this  again  indui 
an  increased  growth  of  the  spinous  processes  of  tbaj 
dorsal  vertebrae  to  give  attachment  to  the  ligament. 

Hence  we  have  a  tliick  and  powerful  neck  in 
sivatherium  as  a  consequence  of  the  development  of  a 
large  and  heavy  antler. 

The  bones  of  a  species  of  hyena,  dog,  and  a  dog-like 
ape  that  have  been  found  near  the  John  Day  River  in 
Oregon,  on  the  upper  Missouri,  and  in  that  great 
ancient  fossil  cemetery  in  Northern  India,  have  all 
undoubtedly  sprung  from  a  single  ancestor,  the 
plotherium. 

If  we  refer  to  this  animal  we  shall  see  that  it  requi 
but  a  slight  modification  of  anatomical  structure  to 
duce  the  Canidse  or  dog  species.     The  hyenas  beloi 
.to  the  same  order  of  animals.     The  evolution  of  t1 
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— ^the  dogs  and  hyenas — was  the  result  of  a  simple 
deviation  along  two  lines  of  very  similar  development, 
and  very  dose  parallelism,  from  the  same  ancestor. 
The  structure,  habits,  and  modes  of  life  are  the  same 
in  both  animals.  Both  are  carnivorous,  with  strong 
scavenger  habits,  delighting  to  feed  on  dead  and  decay- 
ing organic  matter. 

Both  have  transmitted  these  characters  to  their  mod- 
em successors.  The  modem  hyena  still  remains  in  a 
feral  state,  a  carnivorous,  nocturnal  scavenger,  incapable 
of  taming  or  domestication.  The  development  of  teeth 
and  claws  results  from  his  flesh-feeding  habits,  and 
from  his  instincts  to  scratch  the  groimd  to  hide  his 
food  or  to  cover  his  ordure.  His  claw  is  blunt  and 
non-retractile,  and  in  this  respect  differs  from  the  sharp 
and  retractile  daw  of  the  order  Felidas — or  cats. 

The  modem  dog  retains  his  carnivorous,  scavenger 
habits,  but  in  the  complete  process  of  domestication  he 
has  undergone,  he  has  masked  his  scavenger  tastes, 
and  will  eat  sound  food. 

He  still  retains,  however,  a  powerful  tendency  to 
revert  to  the  feral  state,  becoming  wild  and  ferocious 
when  abandoned  by  man.  His  feral  instincts  and 
scavenger  habits  manifest  themselves  frequently,  even 
when  long  cultivated  as  a  household  pet.  His  wild- 
ness  is  shown  by  his  habit  of  tuming  round  and  round 
on  his  bed  before  lying  down. 

His  scavenger  instincts  manifest  themselves  by  his 
delight  to  roll  his  body  over  carrion  and  manipulate  it 
before  eagerly  devouring  it. 

His  teeth  and  claws,  like  those  of  the  hyena,  are 
devdoped  in  the  same  way.  The  sharp  canine  teeth 
in  the  upper  and  lower  jaws  act  as  prehensors  to  seize 
and  hold  his  prey. 
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As  he  only  uses  his  claws  to  scratch  the  ground, 
ihejr  are  blunt,  and  the  retractor  muscles,  not  being 
needed  to  protrude  them,  are  rudimentary. 

Both  the  dog  and  hyena  of  the  Miocene  age  are  less 
completely  developed  in  their  osteology  than  the  mod- 
ern species.  The  scapula,  dorsal  spinous  processes, 
and  the  pre-maxillary  hones  of  the  ancient  hyena  show 
a  more  incomplete  development  than  do  those  of  the 
present  species. 

These  t^xt  animals  of  the  ancient  world  were  scaven- 
gers— carrion -feeders  on  the  land,  as  the  sharks  were 
in  the  sea.     Their  special  development  of  body  was   I 
due  largely  to  this  fact. 

The  hyena  has  transmitted  his  special  traits  to  his 
successors,  unchanged,  except  so  far  as  they  are  more 
sh.-irply  defined  through  the  influence  of  a  higher 
anatomical  development. 

The  dog — in  the  later  age — has  been  subjected  to 
the  modifying  influences  of  domestication  at  the  hand 
of  man.  The  changes  of  form  he  has  undergone  by 
the  process  of  cultivated  breeding  are  very  great,  and 
sene  as  a  ^-ivid  illustration  of  the  extreme  readiness  of 
plastic  vital  organisms  to  undergo  great  and  important 
changesofanatomy  and  physiological  function,  through 
external  influences. 

Wlien  these  influences  are  exerted  through  long  peri- 
ods of  time,  the  ultimate  results  are  very  great,  even 
although  the  steps  that  lead  to  them  seem  very  slow. 

We  come  now  to  the  evolution  of  an  important  ani- 
mal, who  first  appeared  iii  the  early  Miocene  age  at  the 
same  time  as  the  dogs  and  hyenas.  This  was  the 
dog'like  ape. 

His  fossil  bones  have  been   found  in  considerable  J 
numbers  in  Oregon,  and  along  the  eastern  slope  of  tiM J 


» 
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, Rocky  Motmtams.  There  seems  to  be  ample  evidence 
'lat  this  animal  originated  in  North  America,  and 
migrated  in  a  later  age  to  Europe  and  Asia,  across  the 
Arctic  Archipelago,  and  along  the  IsthmiiS  of  Panama. 

When  we  study  the  fossil  bones  of  these  dog-like- 
apes,  that  have  been  found  in  our  own  country,  in 
Europe,  and  theSiwalik  Hills  ofludia,  we  find  tliem  all 
strikingly  alike,  and  this  fact  leads  us  to  the  conclusion 
that  they  all  belonged  to  the  same  species  of  ape-like 
animal.  After  his  original  evolution  in  our  western 
country,  he  migrated  to  Europe,  and  thence  to  Asia 
and  Africa.  In  this  latter  country  he  underwent  im- 
portant anatomical  changes  and  developed  into  the 
higher  man-hke  ape.  He  finally  became  extinct  in 
North  America,  the  home  of  his  birth.  When  we 
compare  the  bones  of  this  early  Miocene  ape  with  the 
bones  of  the  hyenas  and  dogs  of  the  same  period,  we 
find  strong  anatomical  resemblances,  and  this  leads  us 
to  the  scientific  conclusion  that  they  all  must  have 
sprung  from  the  same  ancestor — that  they  all  originally 
came  from  a  common  stocic. 

What  animal  was  the  progenitor  of  the  dog-like  ape  ? 

Undoubtedly  the  anoplotherium. 

It  is  evident  that  he  could  not  have  descended  from 
the  tapir-like  paleotherium,  nor  from  the  deer-like 
xiphodon,  and  as  there  were  no  other  known  animals  at 
that  time  from  which  he  could  possibly  have  de- 
scended, it  seems  clear  that  the  anoplotherium  was 
bis  ancestor.  His  descent  from  this  animal  was  an- 
other example  of  the  slow  divergence  of  animal  forms 
igle  progenitor.     He  diverged  more  rapidly 

lan  either  the  dogs  or  hyenas,  and  the  reason  for  this 

not  difficult  to  discover.  It  is  this  r  It  will  be  re- 
lembered  that  in  the  Miocene  period  the  forest  trees 
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were  large,  and  of  neatly  the  same  varieties  as  we  now 
see.  Among  them  were  several  kinds  of  fhiit-treei, 
notably  the  Banksia,  with  its  large  and  succulent  fiiuL 
As  we  know  the  apes  aye  now  eminently  arbotral  am- 
mals,  there  must  have  been  a  time  when  they  first  began 
to  live  in  trees.  The  act  of  climbing  in  trees  most  have 
been  acquired  very  gradually,  and  tn  order  to  be  able 
to  do  it,  the  act  of  grasping  with  the  anterior  limb  must 
be  slowly  developed. 

This  adaptive  growth  of  a  Hmb  capable  of  grasping, 
to  enable  the  animal  to  climb  and  to  seize  an  object, 
marked  a  great  advance  over  other  animals,  and  a 
much  wider  divergence  from  them  in  point  of  spedal 
development. 

If  tlie  dogs,  hyenas,  and  dog-like  apes  set  out  on 
a  path  of  de\-elopmeut  from  the  anoplotherium,  and 
pursued  it  for  a  time  iu  close  parallelism,  a  point 
ultimately  reached  when  the  special  modes  of  life  of  the 
apes  caused  a  wider  and  more  rapid  divergence.  The 
mode  of  life  which  caused  this  special  divergence 
tlie  habit  which  he  acquired  of  feeding  on  such  fruits 
as  then  existed,  and  in  order  to  obtain  them  he  most 
seek  them  in  the  trees  where  they  grew.  Now  this 
makes  it  necessary  that  he  must  climb  in  the  trees, 
and,  when  once  there,  he  must  seize  the  fruit  with  hiji' 
anterior  limb. 

Here  adaptive  growth  to  meet  a  special  need  c-„,_^ 
into  activity,  and  as  a  result  the  osteology  of  the  animal 
undergoes  a  change.  From  a  terrestrial  animal  he  be-i 
comes  purely  arboreal  ia  his  habits,  and  this  new  modQ 
of  life  leads  him  to  perform  new  acts,  such  as  climbing^. 
leaping  from  branch  to  branch,  or  swinging  from  tre^ 
to  tree,  in  order  to  obtain  the  fruits  that  grow  high  i^ 
out  of  ordinary  reach. 


These  acts,  continually  performed  for  long  periods 

Kof  time,  fiaally  resulted  in  an  increased  growth  of  the 

]  bonesof  tlieanteriorlimbord'Wf — namely,  theliunierus, 

radius,  and  ulna,  but  especially  of  the  metacarpals  and 

the  phalanges. 

Increased  growth  of  a  part  or  an  oi^an  depends  upon 
increased  nutrition,  and  this  again  is  stimulated  by 
increased  muscular  actirity. 

The  bones  grow  by  an  increase  in  their  cell-elements 
—for  bones  are  fonned  of  cells, — and  the  better  the 
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'  tratrition  of  the  animal,  the  greater  will  be  his  secretion 
of  bony  cell- material. 

A  reference  to  Fig.   71  will  show  this  ape  in  his 
restored  contour. 

This  species  of  ape  has  been  called  the  Mesopithecus. 
He  was,  however,  much  less  liighly  developed  than 
this  restored  figure  shows.  The  fossil  bones  of  the 
apes  that  have  been  found  iu  the  Miocene  deposits 
show  that  this  animal  was  of  a  much  lower  degree  of 
aielopment  than  any  of  our  modem  dog-tike  apes. 
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The  Miocene  period  was  remarkable  for  the  develop- 
ment of  a  large  number  of  important  terrestrial  man;- 
mals,  as  we  have  seen. 

During  this  era,  a  number  of  crustaceans  also  made 
their  appearance.  Among  them  were  lobsters  and  crabs 
approaching  the  modem  species.  These  crustaceans 
were  a  continuation  of  the  species  that  began  with  the 
trilobites  of  the  Silurian  seas. 

A  number  of  new  mollusks  came  upon  the  scene 
at  this  time,  mostly  univalve  gasleropods,  some  with  a 
shell  terminating  in  a  long  spiral  fluted  point,  or  in  a 
point  armed  with  complex  curved  or  straight  spines. 

These  were  a  continuation  of  the  earlier  univalve^ 
nioUusks,  whose  evolution  and  mode  of  developmeOta 
we  have  already  described. 

In  our  country  and  in  Europe  we  find  in  the  Miocenefl 
and  also  in  the  Eocene  periods  a  vegetable  substanoefl 
which  geologists  have  called  lignite.     It  occurs  in  beds  I 
varying  in  thickness  from  two  inches  to  several  feet, 
and  is  no  doubt  the  result  of  a  chemical  change  of  the 
forest  woods  of  a  previous  age.     In  some  localities  it  is 
used  as  fuel.     There  can  be  no  doubt  of  its  vegetable 
origin,  forwehaveabundant  evidence  of  this  fact  in  the 
markings  and  imprints  of  leaves  and  stems  so  often 
found  in  it. 

A    peculiar    product    of  lignite    is   yellow  ambef^ 
This  is  a  sort  of  resinous  substance  which  has  undo 
gone  a  change  in  the  lignite  beds.     The  original  r 
from  the  trees  has  been  probably  altered  by  heat,  1 
it  has  formed  clear  melted  masses,  of  a  bright  j 
color,  and  semi-opaque  or  almost  translucent.     These' 
masses  have  cooled,  and  the  amber  is  a  resinous,  brittle 
product,   susceptible  of  being  carved    and  polished. 
For  more  than  two  centuries  this  substance  1 
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highly  prized,  and  sought  for  principally  on  the  shores 
of  the  Baltic  Sea,  where  it  is  often  washed  ashore  by 
the  waves. 
I  gathered  several  sped  mens,  of  amber  on  the  German 
-  coast  of  the  Baltic,  about  fifty  miles  northeast  of  Swine- 
munde.     Here  it  was  washed  ashore  in  small  masses, 
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IBod   I  found  it  on  the  sandy  beach  with   pieces  of 
decayed  lignite  and  modern  sea- weeds. 

Among  the  smaller  organisms  of  the  Miocene  period 
are  the  microscopical  infusorial  creatures  known  as 
Diatoms.  These  appear  to  the  naked  eye  as  minute 
rains  of  sand,  but  when  placed  under  the  micro.scope 
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they  are  found  to  be  animal  orgauisms,  complex  in 
structure,  and  beautiful  in  appearance. 

We  are  struck  at  once  with  the  great  varietj-  and 
complexity  of  these  little  creatures.  We  gain  a  good 
idea  of  them  in  Fig.  72, 

We  see  here  that  they  are  of  variotis  forms  and  ex- 
ceedingly complicated  in  figure.  A  careful  examina- 
tion of  them  leads  us  to  the  conclusion  that  they 
belonged  to  the  niolluscaii  world,  that  they  were  in 
fact  mollusks,  perfect  in  development  and  in  function. 
Some  were  undoubtedly  cephalopods,  some  gastero- 
pods,  and  some  rhizopods. 

The  evolution  of  these  tiny  but  perfect  organisms 
was  from  cells,  like  their  greater  brethren  of  the  same 
species. 

They,  too,  in  their  almost  invisible  sphere  of  life 
absorbed  lime  from  the  water  and  elaborated  it  into 
shells,  by  the  same  process  as  the  ammonites,  belem- 
nites,  and  other  great  mollusks  elaborated  th^ir  shells. 

Like  all  the  minute  forms  of  life,  they  were  exceed- 
ingly prolific  and  of  wide  distribution,    I  have  gathered 

ne  beautiful  specimens  of  diatoms  in  the  West  India 
islands  of  Barbadoes  and  St.  Thomas ;  in  California, 
lissouri,  Maryland,  and  Virginia  in  our  own  country  ; 
1  France,  near  Cherbourg,  and  on  the  Mediterranean 
coast  of  Africa.  From  tliis  it  will  he  seen  how  widely 
distributed  over  the  temperate  zone  these  animals  were 
and  where  they  are  now  found. 

Wheu  more  extended  researches  are  made,  it  is 
probable  that  they  will  be  found  even  more  widely 
distributed  than  at  present  known. 

Near  the  base  of  the  Miocene  deposits  of  North 
America,  there  have  been  found  the  fossil  bones  of  a 
horse-like  animal,  about  as  large  as  a  sheep.     It  had 
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three  toes  on  the  anterior  feet,  and  a  rudimentary  or 
splint  bone  besides,  while  the  posterior  feet  had  but 
three  toes,  the  others  remaining  undeveloped.  This 
was  the  Mesohippus,  and  was  one  of  the  series  of 
horse-like  animals  which  appeared  in  the  Eocene  age. 
At  a  somewhat  higher  geological  horizon  in  the  Mio- 
cene age,  still  another  of  these  horse-like  creatures  was 
evolved.  This  was  the  Miohippus,  or  Anchitherium. 
He  differed  from  mesohippus  in  having  the  outer 
splint  bone  reduced  to  the  merest  rudiment,  showing 
that  the  evolution  of  these  animals  was  steadily  tend- 
ing towards  a  one-toed  animal. 

All  these  fossil  polydactyl  horses  have  been  found 
only  in  our  own  western  country.  As  they  were  im- 
perfectly developed  in  the  Miocene  age,  they  did  not 
migrate  beyond  the  limits  of  the  field  of  their  original 

appearance. 
17 


CHAPTER  XI. 

THB  CENOZOIC  AGE ;— THE  TERTIARY  PEmOD.    THB 
AGE  OF  MAMMALS— CONTINUKD. 


Tlie  Pliocene  period — Elevation  of  mountain  ranges — Rockj 
Mountains  —  Andes  —  Himalayas  —  Heights  of  mounUin 
peaks — Volcanoes— Valley  of  Chili — Erosion  of  mountain 
summils—Fonnatioo  of  rivers— Perpetual-snow  line— MeU- 
ing  snows — Saltness  of  the  ocean— Fossil  bones  in  oui 
western  country — Fossil  bones  in  the  Siwalik  Hills — 
Camels — Musk-deer — Elephant- Rhinoceros  —  Amynodon 
— Hyxacodon — Aceratberiutu —  Hippopotamus  —  Protohip- 
pus  —  PHobippus — Zebra— Quagga — Ass — Tarpan^Eagles 
— Vultures — Plants — Outlines  of  continen Is— North  polar 
regions — Evidences  that  North  and  South  America  were 
once  connected  by  a  bridge  of  land — Evidences  that  tl 
Malay  peninsula  was  once  connected  with  J 
Oreodo  n — Eporeodon . 

The  Pliocene  period  of  Europe  corresponds  to  the 
late  Tertiary  period  of  our  countrj',  and  is  the  last  of 
the  three  European  stibdivisions  of  the  Tertiary  epoch. 

It  is  remarkable  for  the  severe  disturbances  of  the 
earth's  crust,  of  immense  extent,  that  occtirred  during 
this  time,  and  which  resulted  in  the  final  elevation  of 
some  of  the  great  mountain  ranges  of  the  earth.  The 
Rocky  Mountain  chain  of  North  America,  the  Andes 
or  Cordilleras  of  South  America,  and  the  Himalaya 
range  of  Asia,  were  uplifted  to  their  vast  heights  at 
this  time,  as  were  also  the  Alps  and  Carpathians.  The 
Rocky  Mountain  range  begins  far  north  in  British 
Columbia,  and  extends  in  a  general  southerly  direction 
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through  the  western  part  of  the  United  States  to  Mex- 
ico, and  thence  onward  to  the  lathmus  of  Darien. 
Here  the  range  sinks  to  a  height  of  only  a  few  hundred 
feet,  and  continues  this  low  altitude  until  it  traverses 
the  isthmus  and  reaches  the  continent  in  Colombia. 
At  this  point  the  range  suddenly  rises  to  a  stupendous 
height,  and  maintains  this  lofty  elevation  almost  un- 
interruptedly along  the  western  border  of  the  conti- 
nent, until  it  reaches  Patagonia.  Here  it  gradually 
diminishes  in  height,  and  at  its  termination  in  Terra 
del  Fuego,  it  is  a  series  of  irregular  and  broken  peaks. 
The  South  American  part  of  this  immense  mountain 
range  forms  the  Andes  or  Cordilleras.  The  Himalaya 
Mountains  form  a  magnificent  frontier  in  Northern 
India,  and  separate  its  low  and  grassy  plains  from  the 
elevated  table-lands  of  Thibet.  They  curve  slightly 
southward,  and  follow  a  course  of  more  than  a  thou- 
sand miles  from  east  to'west.  This  range  contains  the 
loftiest  summits  on  the  earth,  and  a  large  number  of 
its  peaks  are  covered  with  perpetual  snow. 

The  name  Himalaya  means  the  "  abode  of  snow," 
The  present  elevation  of  the  more  lofty  peaks  of 
these  mountains  is  as  follows  : 


I 


1        Mt.  Everest, 

Himalayas, 

S9,ooo 

[        Runtchinjiinga, 

18,156 

'        Dhawalaghiri. 

36,826 

North  Americ. 

Mt.  Si.  Ellas, 

Rocky  Mountains, 

'9,a83 

Uocompahgre  Peak,     "               " 

'4.540 

Pike-a  Peak. 

■4.  "47 

Uexican  Plateau. 

Orizaba, 

Peaks  of  Meiico, 

■7,397 

.        Popocatepetl, 

17,784 
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South  America. 

Aconcagua,  Andes  Range,  i3,43<  fert. 

Chimborazo,  ''  "  21,424    " 

Antisana,  "  "  '9.'37    " 

Cotopaii,  "  '■  18,870    " 

It  will  be  seen  that  the  two  loftiest  mountain  sum- 
mits in  Asia  and  America  are  Ml.  Everest  in  India,  and 
Aconcagua  in  South  America. 

Their  altitude  rises  into  the  regions  of  perpetual  cold. 

Aconcagua  lies  in  the  republic  of  Chili,  almost  im- 
mediately under  the  latitude  of  32"  38'  30'  S. ,  longitodc 
70  W.  from  Greenwich. 

Mt.  Everest  lies  in  the  middle  of  the  Himalaya 
range,  in  the  27th  parallel  of  north  latitude,  and  tlie 
86th  meridian  of  longitude  east  from  Greenwich. 

They  lie,  therefore,  about  11,000  miles  apart,  in  a 
southwest  and  northeast  direction  from  each  other. 
Great  as  they  may  appear  to  us,  they  are  very  small 
when  compared  with  the  size  of  the  earth. 

These  two  great  peaks  bear  to  the  earth  the  same 
proportion  that  a  marrow-fat  pea  would  to  a  i5-indi 
globe,  or  a  diameter  as  i  to  60.  They  bear  a  still  li 
proportion  in  their  mass  to  that  of  the  earth,  being 
as  t\  is  to  675J,  The  height  of  these  peaks  abovft 
sea-level  is  nearly  five  and  one  half  miles,  and  the 
proportion  of  this  height  to  the  diameter  of  the  eaitlt 
is  as  II  to  16,000, 

Both  of  these  mountain  summits  rise  into  the  regions 
of  perpetual  snow,  and  are  therefore  permanently 
snow-clad. 

The  perpetnal-snow  line  in  the  latitude  of  Acon- 
cagua  lies  at  an   altitude   of    16,000    feet,   and    de- 
scends   gradually    until    it    reaches    the    sea-level 
we  approach   the  south   pole.      At  this  calculation. 


The  Ccnozoic  Age.  261 


7,421  feet,  or  a  little  less  than  two  miles,  of  the 
upper  peak  of  Aconcagua  lie  in  the  regions  of  eternal 
snow. 

The  perpetual-snow  line  in  the  latitude  of  Mt.  Ever- 
est is  about  16,000  feet,  and  as  the  Himalaya  range 
lies  in  an  easterly  and  westerly  direction,  the  altitude 
of  the  snow  line  of  this  range  does  not  vary.  About 
13,000  feet  of  the  upper  peak  of  Mt.  Everest,  or  about 
two  and  one  half  miles,  are  covered  with  never-melting 
snow.  This  great  mountain  barrier  exerts  a  sensible 
influence  on  the  climate  of  Asia,  and  largely  deter- 
mined in  a  later  age  the  growth  and  distribution  of 
plants  and  animals. 

The  Rocky  Mountain  system  of  North  America  is 
not  a  single  straight  chain,  but  a  series  of  mountain 
ranges,  having  a  width  of  about  four  hundred  miles 
from  east  to  west,  and  each  range  having  a  separate 
local  name. 

The  valleys  and  intervening  lands  form  parks  and 
mesas  of  extraordinary  fertility,  and  reach  an  elevation 
of  from  7,000  to  10,000  feet  above  sea-level. 

These  mountains  abound  in  vast  mineral  wealth,  are 
abundantly  watered,  and  wooded  with  pine,  fir,  and 
spruce,  to  the  verge  of  the  timber  line.  Above  this 
line  are  found — ^first,  a  few  stunted  shrubs,  then  some 
low,  hardy  mosses,  followed  by  naked  rock,  which  pass 
finally  into  the  regions  of  severe  cold  and  perpetual 
snow. 

The  city  of.Leadville,  in  Colorado,  is  located  at  an 
altitude  of  10,000  feet.  The  Denver  and  Rio  Grande 
Railway  crosses  the  great  Continental  Divide  at  Mar- 
shall Pass,  over  Mt.  Ouray,  at  an  elevation  of  about 
12,000  fiset,  or  dose  to  the  edge  of  the  timber  line. 
Tlie  perpetual-snow  line  here  is  12,500  feet. 
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I  ascended  Mt.  Ouray  recently,  and  found,  during 
the  middle  of  August,  a  vast  body  of  snow,  packed 
hard  into  a  mass  of  coarsely  granular  ice.  The  suu'^ 
rays  fell  full  upon  it,  but  did  not  melt  it  even  at 
noonday. 

The  valleys  and  mesas  of  this  region  are  extremely 
fertile  when  irrigated.  The  soil  is  adobe,  which  is 
disintegrated  pulverulent  rock,  with  itscontaiued  alka- 
line salts.  Wheat,  com,  and  fruits  grow  abundantly ; 
and  the  streams  from  the  melting  snows  furnish  an 
abundant  supply  of  ptire  water,  fit  for  potation  and 
irrigation. 

So  fertile  is  this  region,  and  of  such  immense  extent, 
that  if  the  Rocky  Moun  tain  region  could  be  inclosed  by 
a  line  beginning  on   the  eastera  border  at  the  south- 
east comer  of  New  Mexico,  running  thence  slightly  ■ 
northwest,  intersecting   the  city  of  Denver,  and  c 
tinuingin  the  same  direction,  through  Wyoming  i 
Montana,   to  the  line   of  British   Columbia,  and 
another  line  on  the  western  border  of  the  mountaiiM 
exactly  parallel  to  it,  and  intersecting  the  Salt  1 
City,  it  would  comprise  a  territory  of  sufficient  exte 
to  support  the  entire  population  of  the  earth. 

The  agricultural  ajid  mineral  resources  of  this  * 
area  would  profitably  employ  and  comfortably  suppi 
all  the  people  that  now  live  upon  the  earth. 

The  Andes  Mountains  form  a  high  wall  along  t 
entire  western  border  of  South  America. 

From  Rctiador  to  Patagonia  they  recede  from  I 
coast  from  fifty  to  one  hundred  and  thirty  miles. 

I  ascended  the  Andes  over  the  Oroya  Pass,  in  Per 
at  an  altitude  of  about  16,000  feet.  The  snow  line  1 
that  point  was  about  14,000  feet.  The  rocks  at  I 
elevation  were  largely   quartzose.     I  obtained  sevc 
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specimens  of  rose  quartz,  which  is  very  abundant  at 
that  height. 

The  llama  and  guanaco  are  both  found  on  the 
mountain  passes ;  the  llama  and  the  mule  being  used 
as  beasts  of  burden. 

The  condor  was  occasionally  seen  wheeling  above 
the  loftiest  summits  of  the  mountains  in  graceftd 
curves,  and  on  wings  that  seemed  never  to  tire. 

At  the  latitude  of  Valparaiso,  33**  south,  the  moun- 
tains recede  from  the  coast  nearly  one  hundred  miles. 
The  city  of  Santiago  is  situated  inland,  90  miles  from 
Valparaiso,  in  the  fertile  valley  of  Chili,  and  in  full 
view  of  the  majestic  barrier  of  the  Andes. 

I  ascended  the  mountains  at  this  place,  and  reached 
an  elevation  of  more  than  16,000  feet.  The  snows 
were  very  deep,  and  the  cold  intense ;  but  as  the  air 
was  clear,  I  could  look  westward  across  the  plains  of 
Chili  rather  more  than  a  hundred  miles,  and  out  to  the 
shining  waters  of  the  Pacific  Ocean.  Heavy  snow- 
storms raged  far  below  me  down  the  mountain,  while 
I  stood  in  the  blue  air  and  brilliant  sunshine. 

The  deep  silence  of  these  vast  mountain  heights,  far 
above  the  clouds,  was  most  impressive. 

At  Lota,  in  35**  south  latitude,  the  Andes  recede  to 
their  greatest  distance  from  the  coast,  one  hundred  and 
thirty  miles.  At  this  point  there  is  a  coast  range  of 
low  hills,  varying  in  elevation  from  2,500  to  6,000  feet. 
I  ascended  the  highest  point  of  these  hills,  just  back  of 
the  town  of  Lota,  to  an  altitude  of  about  6,000  feet. 
Before  me  to  the  east,  the  beautiful  valley  of  Chili 
stretched  away,  like  a  mighty  panorama,  a  distance  of 
one  hundred  and  thirty  miles.  Towns  and  villages 
dotted  the  landscape  here  and  there ;  some  being 
twenty,  fifty,  and  even  a  hundred  miles  distant.     Wide 
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and  level  tracts  of  prairie,  and  heavily  timbered  forests, 
miles  in  extent,  lay  between  these  scattered  towns, 
The  Rio  Bio,  fed  by  the  melting  snows  of  the  Andes, 
wound  its  way  across  the  entire  valley,  like  a  tortnous 
silver  thread,  and  poured  its  considerable  flood  inio 
the  Pacific  Ocean,  at  the  base  of  the  hill  where  i 
stood. 

Beyond  the  \'alley,  the  tremendous  wall  of  the  Cor- 
dillera reared  itself  to  a  height  of  nearly  20.000  feet, 
while  six  stupendous  volcanic  cones  lifted  their raiglily 
heads  to  an  elevation  of  more  than  22,000  feet.  To 
the  north,  Aconcagua  stood  like  a  vast  sentinel  over  , 
a  wilderness  of  lofty  mountain  peaks.  Then  follow 
southward  the  volcanoes  of  Antuco,  Callague.  Osoni 
Corcovado,  and  Vanteles. 

The  magnificent  scene  was  one  never  to  be  forgotle 
Three  of  these  great  peaks  were  in  full  activity.  Abe 
them  by  day  rose  a  column  of  dense  black  smokt 
whicii  gradually  diffused  itself  until  it  appeared  likl 
an  enormous  feather  floating  in  the  air. 

By  night  these  volcanoes  looked  like  three  monstra 
light-houses,  casting  a  deep  red,  angrj',   fiery  glow! 
upiiu  the  white  snowy  cones  about  them. 

Although  these  mountains  were  one  hundred  i 
tliirty  miles  distant,  the  air  was  so  clear  tliat  the  snows 
and  ridges  and  chasms  on  their  sides  ctmld  be  seen 
witli  tlie  utmost  distinctness.     They  did  not  appear  to 
be  more  than   twenty   miles  from  the  spot  where  M 
stood. 

As  I  turned  towanls  the  west,  the  Pacific  < 
with  its  long  eternal  swell  of  billow  coming  up  i 
the  South  Polar  Sea,  lay  before  me  like  a  vast  expi 
of  brilliant  molten  silver. 

To  the  south  the  great  moimtain  range  gradui 
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melted  away  into  the  deep  blue  skies  that  overhung 
Western  Patagonia. 

All  about  me  on  the  hilltop  where  I  stood  grew  the 
laurel  (KcUmia  latifolia)^  a  low  green  shrub.  These 
shrubs  grow  from  three  to  ten  feet  in  height,  and  form 
at  intervals  clumps  or  thickets. 

In  these  thickets  the  puma  finds  a  congenial  habitat, 
and  under  their  deep  green  foliage  he  often  is  found 
lurking.  While  I  was  exploring  these  hills,  I  came 
Very  unexpectedly  upon  two  of  these  ferocious  and 
dreaded  beasts.  One  of  them  was  caught  by  the  lasso 
in  the  hands  of  my  two  boy  guides,  who  are  very 
expert  with  this  weapon. 

We  have  seen  that  at  the  line  of  the  equator  the 
limit  of  perpetual  snow  lies  at  an  altitude  of  18,000 
feet,  or  a  little  more  than  three  miles.  We  gain 
fix)m  this  fact  a  clear  idea  of  the  comparative  thin- 
ness of  the  envelope  of  atmospheric  air  which  is 
capable  of  supporting  animal  life.  Below  this  line 
animals  can  live,  because  the  air  is  sufficiently  dense 
to  support  pulmonary  respiration,  and  for  the  conduc- 
tion of  heat  from  the  sun  to  the  surface  of  the  earth. 
Above  this  line  the  air  is  too  rarefied  for  respiration 
and  the  cold  too  intense  to  be  safely  endured  by  any 
animal  organism. 

The  elevation  of  the  great  mountain  systems  just 
described,  which  occurred  in  the  Pliocene  or  late  Ter- 
tiary period,  exerted  a  great  influence  on  the  climate 
of  the  earth,  on  the  formation  of  its  great  rivers,  and 
upon  the  condition  0/  the  ocean.  Prior  to  this  time 
there  were  no  considerable  elevations  of  the  earth's 
crust,  and  the  temperature  of  the  air  remained  uni- 
formly warm  and  equable.  Now,  however,  a  change 
occurred.    The  great  elevation  of  the  high  mountain 
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ranges  intercepted  the  moisture  laden  wiads  from  tlie  I 
oceans,  and  forcing  them  upward  into  the  colder  1 
regions  of  the  air,  the  moisture  became  frozen  into 
snow,  which  rested  permanently  npon  their  highei 
peaks.  Lower  down  the  mountain  sides  the  snows 
were  melted  by  the  heat  from  the  sun,  and  these  melted 
snows  formed  rivulets,  and  rivere,  and  iu  this  way  the 
formation  of  the  great  ri  ver  systems  began. 

These  rivers  poured  their  floods  into  the  oceans. 

They  did  more. 

There  can   be  no  doubt   that  the  great  mountain 
ranges  when  first  uplifted  vastly  exceeded  their  present  ■ 
height.  The  melting  snows  and  rains,  falling  forcount-ad 
less  ages  upon  these  mouutaiu  summits,  caused  a  dis->9 
integration  and  erosion  more  or  less  rapid,  which  io  ' 
time  considerably  diminished  their  altitude.     As  this 
disintegrating  and  eroding  process  went  on,  the  gieat 
stores  of  salt  contained  in  the  uplifted  mountain  crust 
were  dissolved  and  carried  down  by  the  rivers  to  the 
sea — and  the  sea,  hitherto  oi  fresh  and  warm  water, 
grew  gradually  sail  and  cold  by  the  continual  mountain 
floods  poured  into  it. 

It  is  both  reasonable  and  scientific  to  believe  that  the 
saltness  of  the  ocean  does  not  date  earlier  than  the 
Pliocene  or  late  Tertiary  period,  or  after  the  great 
mountain  ranges  were  uplifted  and  the  great  rivers 
formed. 

There  i.s  evidence  to  support  this  \-iew  : 

The  oceans  are  not  uniformly  salt. 

The  Atlantic  contains  25  parts  of  salt  in  1,000  oi 
water. 

The  Pacific  24  parts  to  1,000  of  water. 

The  Indian  Ocean  21  parts  to  i  ,000  of  watei. 

The  Mediterranean  3g  parts  to  1,000  of  water. 
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The  Black  Sea  14  parts  to  1,000  of  water. 

The  waters  of  the  Baltic  Sea  contain  but  little  salt, 
while  those  of  the  Gulf  of  Finland  can  be  used  for  po- 
tation. The  water  off  the  coast  of  Greenland  contains 
20  parts  of  salt  to  1,000  of  water,  and  off  Cape  Horn 
the  proportion  is  19  to  1,000. 

Near  continental  sea-coasts  and  at  the  mouths  of 
great  rivers  the  waters  contain  much  less  salt  than 
farther  at  sea.  The  reason  of  this  is  that  at  the  mouths 
of  rivers  the  quantity  of  fresh  water  is  greater  than  it  is 
farther  out  at  sea,  and  the  salt  is  carried  down  with 
other  sediments  by  the  river  currents  to  a  considerable 
distance  from  the  land.  The  waters  of  the  Southern 
Indian  Ocean,  and  the  Atlantic  Ocean  south  of  the 
Island  of  Tristan  da  Cunha,  and  the  Pacific  Ocean 
southwest  of  Cape  Horn  as  far  as  New  Zealand,  are 
much  fresher  than  they  are  under  the  equator.  I  have 
compared  the  waters  in  these  localities  at  two  different 
times  after  an  interval  of  five  years,  and  have  fotmd 
the  equatorial  waters  to  contain  3  parts  of  salt  per 
1,000  more  than  the  southern  seas.  This  greater  salt- 
ness  was  due  to  a  greater  degree  of  evaporation  in  the 
warmer  oceans.  The  entire  southern  latitudes  of  ocean 
are  fresher  than  the  warmer  seas  near  the  equator. 

If  salt  had  been  poured  into  the  ocean  from  the 
beginning  of  the  Devonian  period,  the  water  would 
have  contained  a  much  larger  percentage  than  it 
actually  does,  and  earlier  evidences  of  salt  would  have 
been  found. 

The  late  Tertiary  age  saw,  then,  the  formation  of  the 
great  river  systems  of  the  earth, — those  systems  that 
have  their  rise  in  mountains,  and  are  fed  by  melting 
snow.  The  change  exerted  upon  the  temperature  of 
the  earth  by  the  mountain  uplifts  was  very  slow,  and 
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before  it  was  seriously  ielt  sufficient  time  elapsed  to 
evolve  many  new  forms  of  animal  life. 

Our  own  country  seems  to  have  been  a  congenial 
habitat  for  these  Pliocene  animals,  for  in  the  Uppt; 
Missouri  region  and  in  Oregon  are  vast  cemetencj 
where  great  numbers  of  ancient  bones  are  found.  Tht 
Siwalik  Hills  in  India  also  contain  a  great  number  of 
fossil  bones  of  this  period. 

In  the  Upper  Missouri  region  and  along  the  easleni 
slope  of  the  Rocky  Mountains  there  have  been  fouud  the 
fossil  bones  of  the  camel,  musk-deer,  mastodon,  elephant, 
hone.  Wolf,  fox, — while  in  France,  the  bones  of  the 
hippopotamus,  horse,  deer,  camel,  and  tapir,  and  a 
species  of  bos,  have  been  discovered.  A  rhinoceros  also 
has  been  found  in  France,  India,  and  our  own  counln'- 

Many  of  these  animals  were  not  unlike  the  same 
species  of  the  Miocene  age,  or  that  age  immediately 
preceding. 

All  are  unlike  any  modern  species  in  many  important 
points,  and  all  are  now  extinct 

The  evolution  of  the  Camel  was,  without  doubt, 
from  the  xiphodon.  It  needed  but  a  slight  change  of 
form  on  the  part  of  this  animal  to  produce  a  camel. 
We  are  led,  however,  to  inquire  into  the  nature  of  that 
change  and  of  the  causes  that  led  to  it. 

The  fossil  camels  that  I  have  been  able  to  study  « 
much  less  completely  developed  in  their  osteologi 
structure  than  are  the  modem  species,  and  the  chai 
that  occurred  in  the  xiphodon  to  produce  them  t 
much  less  in  degree  than  we  would  at  first  suppc 
The  ancient  fossil  camel  is,  in  fact,  only  a  modified  and 
more  completely   developed   xiphodon.       His   size  is 
greater,  and,  consequently,  his  legs  are  longer,  his  body 
larger,  and  his  pre-maxillary  bones  more  leogthei 
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These  are  just  the  changes  we  should  expect  in  the 
modified  animal.  His  fundamental  anatomy  is  un- 
changed, but  there  is  an  increased  growth  of  certain 
anatomical  parts,  and  this  gnjwth  is  induced  by  a 
greater  nutrition  due  to  an  abundant  supply  of  food 
easily  obtained.  This  greater  nutrition  determines  a 
growth  of  parts  by  an  increase  of  cell  elements.  Bone 
cells  and  tissue  cells  depend  upon  nutrition  for  their 
growth,  and  as  food  was  so  ample  in  its  supply,  and 
obtained  with  little  effort,  the  physiological  function  of 
nutrition,  and  consequent  cell  growth,  was  easily  in- 
duced and  regularly  maintained  for  a  long  period  of 
time. 

Any  change  of  form,  however  slight  it  might  be  at 
first,  would,  in  the  course  of  ages,  become  more  marked, 
and  the  causes  that  first  led  to  the  change,  continuing 
in  force,  and  added  to  the  power  of  transmissiou  by  the 
more  active  and  favored  individuals,  would  ultimately 
lead  to  the  evolution  of  a  new  and  modified  animal 
form,  resembling  in  some  instances  its  progenitor,  and 
in  others  being  totally  dissimilar. 

I  am  not  satisfied  that  there  is  any  evidence  to  show 
that  the  Pliocene  camels  had  a  fatty  hump  on  their 
backs. 

Modem  camels  show  no  evidence  of  such  a  hump  in 
any  osteological  character  presented  by  their  skeleton, 
and  as  it  is  wholly  formed  out  of  the  soft  tissues,  and 
does  not  aflTect  the  bony  tissues,  it  would  not  affect  in 
any  way  the  bony  skeleton. 

If  the  ancieut  Pliocene  camels  had  a  hump,  we  have 
DO  evidence  of  it. 

They  can  hardly  be  regarded,  then,  as  anything 
more  than  an  enlarged  xiphodon.  One  especially  im- 
int  pcnnt  distinguishes  the  ancient  from  the  mod- 
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em  camel.  The  modem  species  lives  111  a  tropical 
climate,  where  the  sun's  rays  pour  upon  the  earth  witli 
terrific  power.  The  eye  of  the  camel  va.  its  exposed 
situation  would  suffer  if  it  were  not  protected  in  some 
way  from  this  fierce  glare.  Accordingly  we  find  a 
special  provision  to  meet  this  end.  The  supra-orbital 
ridge,  or  the  bony  ridge  just  above  the  orbit  of  the  eye, 
is  greatly  developed  into  a  projecting  margin  of  bone, 
which  overhangs  the  sensitive  eyeball.  This  com- 
pletely shelters  and  protects  the  eye  from  the  sun,  and 
the  animal  is  thus  enabled  to  make  long  jonmej-^ 
exposed  to  the  fierce  midday  sunlight  without  dangei 
to  this  organ.  ■ 

The  skulls  of  fossil  camels  show  no  such  bony  <tefl 
velopment  of  the  supra-orbital  ridge.  And  as  such  n 
protection  to  the  eye  was  not  needed  in  the  equable 
temperature  of  that  period,  there  existed  no  reason  to 
induce  such  a  special  growth  of  bony  tissue.  The 
fossil  camels  had  two  toes,  hut  they  were  imgulatcd, 
and  not  padded. 

The  cushioned  foot  of  the  modem  camel  i 
of  his  life  upon  sandy  deserts.     As  his  ancient  pred^-J 
cessors  with  their  cloven  hoofs  walked  upon  soft  s 
yielding  sand,  they  became  in  time  soft  and  elastic^-l 
through    the  atrophy  of  Iiard    hoof  tissue,   and 
gradual  replacement  by  yellow  elastic  fibre  and  fini 
while  fibrous  ti^is^e  mixed  with  some  muscular  fibt 
and  adipose  tissue. 

It  is  probable  that  the  stomach  of  the  Pliocene  c 
was  simple,  because  food  and  water  were  alnindaat,j 
The  reticidated  stomach  and  ruminant  habits  of  t 
modem  camel  are  due  to  the  scarcity  of  water  in  i 
desert  haunts,  and  to  the  necessity  of  rapid  feeding  1 
!  to  avoid  danger.      Rapid  primarj- 
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made  a  second  mastication  or  rumination  necessary. 
The  development  of  the  Musk-Deer  of  the  Pliocene 
period  was  similar  to  that  of  the  camel.  We  must 
believe  that  the  xiphodon  was  his  progenitor  also,  and 
that  his  evolution  from  this  ancestor  foilowed  along  a 
line  closely  parallel  to  that  of  the  camel. 

He,  too.  may  be  looked  upon  as  a  slightly  modified 

^phodon.      The  development  of  the  musk -secreting 

lands  was  doubtless  due  in  the  first  instance  to  some 

rial  taste  for  food  of  a  special  aromatic  or  pungent 

latore.     This  special  kind  of  food  soon   manifested 

1  the  excretions  of  the  animal,  and  this  special 

idor,   combined  with    the    taste   for  spicy   herbs  and 

libs,  led  these  animals  to  consort  more  and  more 

(gether  until    they  formed  a  community    by    them- 

'  selves.     The   musk  glands   are  dependent   upon   the 

alimentarj'   and    secretive   systems,   and  are  usually 

located  near  the  inferior  or  anal  orifice  of  the  animal, 

and  in  the  modem  musk-deer  this  odorous  quality  is 

largely  dependent  upon  the   nutrition  of   his  body. 

They  differed  but  little  from  the  xiphodon,  the  chief 

points  of  difference  being  the  development  of  the  musk 

i  fossil    Elepbants  of  the  Phocene  period  fol- 

wed  along  the  same  path  of  evolution  and  growth 

e  mastodon  and  his  great  predecessors.     As  they 

me  in  a  later  age,  the  long  interval  between  them 

1  the  mastodons  was  sufficient  to  induce  important 

mges  in  structure  aud  a  more  perfect  development 

f  anatomical  characteristics.    They  were,  however,  less 

mplete  in  structure  and  physiological  function,  and 

■presumably  tn  intelligence,  than  the  modem  elephants, 

I  the  Pliocene  deposits  of  the  Pacific  coast  have 

sen  found  the  fossil  bones  of  a  large  Rhinoceros, 
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Aa  &r  back  as  the  later  Eocene  deposits,  an  aoimal  has 
been  found  which  is  probably  the  first  form  of  rhinoce- 
ros tliat  appeared.  This  early  species  was  without 
nasal  horns.  In  the  Miocene  deposits  another  specks 
of  this  animal  has  been  discovered  differing  but  litt!e 
from  the  early  Pliocene  t5*pe.  Besides  the  rhinoceros 
there  have  been  found  in  the  same  geological  horizons 
several  species  of  a  rhinoceros- like  animal.  These 
were  the  Amynodoc  of  the  Eocene,  the  Hjrracodon 
of  the  Miocene,  and  the  Aceratherium  of  the  Upper 
Miocene.  All  these  different  types  were  modifications 
of  a  single  ancestor.  This  ancestor,  as  far  as  we  can  now 
determine,  was  the  ancient  saurian  called  the  megal> 
sanms.  The  rhinoceros  was  the  most  highly  ^leci^- 
ized  of  any  of  his  allied  forms,  and  he  alone  has 
survived,  and  has  transmitted  his  species  to  recent 
times.  He  was  an  herbivorous  mammal,  and  Uved  in 
large  herds  in  the  western  part  of  our  own  counlrj-. 
From  there  he  migrated  to  Eiuxjpe  and  Asia,  where  his 
fossil  bones  have  been  found. 

If  he  has  descended  from  the  megalosaums,  as  there 
is  reason  to  believe  he  has,  he  has  become  much  mo^- 
fied  in  external  fona,  habits,  and  modes  of  life.  Such 
a  change  of  form  could  easily  have  taken  place  in  the 
pre- Pliocene  ages,  and  along  a  line  of  diverging  devel- 
opment. The  changes  necessarj'  to  transmute  one  of 
those  saurians  to  a  rhinoceros  related  chiefly  to  his 
osseous  and  tegiunentary  systems.  His  mammalian 
and  lK.Tbi\'orou3  functions  remained  the  same.  All  of 
the  Pliocene  forms  of  the  rhinoceros  are  extinct,  and 
but  one  species  has  been  transmitted  to  our  own  time. 

It  is  very  probable  that  the  early  rhinoceros  was 
more  or  less  aquatic  in  his  habits,  and  lived  by  pref- 
erence  near  rivers  and    marshes.     But   as    the  ages 
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elapsed  he  became  less  aquatic,  and  preferred  a  more 
strictly  terrestrial  life. 

His  diet,  still  wholly  vegetable,  underwent  a  change, 
and  instead  of  feeding  on  weeds  and  grasses,  he 
selected  shrubs  and  low  bushes.  Slight  as  tliis  may 
appear,  it  exerted  a  strong  modifying  influence  upon 
his  structure. 

The  effort  of  feeding  upon  tough  and  resisting 
shrubs  and  of  forcibly  tearing  their  branches,  induced 
in  him  a  feeling  of  pugnacity,  and  a  determination  to 
overcome  diEGcuIties.  The  tearing  of  the  ground  with 
his  nose,  or  pre-maxilla,  to  obtain  succulent  roots,  led 
to  an  hypertrophy  of  tlie  skin  of  the  part,  until  first 
a  slight  elevation  occurred,  and  finally  an  increase  of 
the  extra  skin  growth  to  a  fully  formed  nasal  horn. 
This  horn  is  wholly  tegumentarj-,  but  rests  upon  a 
bony  horn  core.  The  fossil  rhinoceroses  had  two 
horns  situated  on  horn  cores  on  the  strongly  developed 
nasal  bone.  These  horns  were  always  a  part  of  the 
teguraentary  system,  and  were  tlie  result  of  increased 
vascularity  and  cell  growth  of  the  skin  of  that  special 
part.  The  necessity  of  overcoming  difficulties  in- 
creased the  ferocity  of  his  disposition,  and  led  him  to 
wage  war  upon  his  enemies  and  to  protect  himself  from 
danger.  This  again  induced  an  increased  growth  of 
I  Ilia  horns,  until  we  find  in  the  modern  species  an  ex- 
■  oeedingly  formidable  and  dangerous  weapon. 

The  rhinoceros  had  well -developed  molar  or  grinding 
teeth,  well  adapted  to  his  special  coarse  vegetable  food. 
He  had  no  canine  nor  incisor  teeth,  for  the  reason  that 
he  did  not  need  to  hold  his  footl  in  his  grasp,  nor  did 
he  need  to  graze  upon  lender  grass.  His  upper  hp  was, 
however,  very  mobile  and  prehensile,  and  enabled  him 
to  seize  shrubs  and  bushes  with  ease. 
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The  rhinoceros  has  been  found  in  a  fossil  state  ova 
widely  extended  areas,  for  they  roamed  at  will  during 
the  long  ages  of  the  Phocene  period  over  a  laud  of 
equable  waimth  and  amid  a  verdure  that  covered  all 
the  land  from  the  equator  to  tlie  poles.  In  the  same 
localities  that  we  find  tlie  fossil  bones  of  the  rhinoceros 
we  find  also  the  bones  of  another  great  mammal- 
naraely,  the  Hippopotamus,  or  river  horie.  This 
great  animal  was  a  vegetable  feeder  and  loved  to  in- 
habit low,  marshy  places  and  the  seclusion  of  Kver 
jungles,  where  he  could  feed  upon  the  rant  weeds  and 
grasses  that  grow  so  luxuriantly  in  such  localities. 
His  heavy  body  is  well  adapted  to  an  aquatic  mode  of 
life,  and  his  dentition  fits  him  to  be,  as  he  is,  a  «gB- 
table  scavenger.  His  great  development  of  subcutai»- 
ous  adipose  tissue  buoys  his  body  upon  the  surface  of 
rivers  and  marshy  lakes,  while  he  devours  at  leisoie 
tlie  rank  vegetation  that  grows  in  such  places.  The 
megalosaunifi,  that  great  terrestrial  saurian  of  the 
Upper  Cretaceous  period,  may  well  have  been  the 
progenitor  of  the  hippopotamus.  Upon  comparison, 
we  shall  see  that  he  needed  to  undergo  but  few  iitt- 
portant  changes,  and  these  could  easily  occur  in  th* 
long  interval  separating  tlie  Cretaceous  from  the  Plio- 
cene period.  These  changes  \\\  bodily  form  were  in^' 
duced  by  his  habits  and  senii-aqualic  modes  of  li^ 
developing  a  .'ipedal  form  of  body  tosuit  a  special  need. 

In  the  Pliocene  period  another  in  the  series  of  horse- 
like animals  appeared,  and  his  fossil  bones  have  also 
been  found  in  considerable  numbers  in  our  westem^ 
couutrj-.  This  was  tlie  Protohtppus,  or  hipparii 
He  was  a  three-toed  animal,  about  as  large  as  a  donkey^ 
and  while  his  feet  resembled  those  of  the  miohippt 
his  body  had  inidergone  a  considerable  development. 
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Still  higher  up  in  the  Pliocene  deposits  we  find  another 
of  these  interesting  animals.  This  was  the  Pliohip- 
pus,  a  OTif-Zoifi/ animal,  the  other  toes  existing  only  as 
atrophied  splint-bones.     Here  we  have  an  animal  with 

single  toe  on  each  foot,  nearly  as  large  as  the  modem 
horse,  but  not  quite  so  perfectly  developed  as  the  true 
horse,  which  wasevolved  in  the  next  or  succeeding  age. 

All  oflheverlebratahad  two  anterior  extremities,  or 
arms,  and  two  posterior  extremities,  or  legs,  and  in  all 
cases  both  anterior  and  posterior  limbs,  as  we  have 
seen,  terminated  in  five  rays  of  bones,  named  as 
follows ; 

Anterior  limbs — carpus,  metacarpus,  phalanges. 

Posterior  limbs — tarsus,  metatarsus,  phalanges. 

The  carpal  bones  are  small  txines  to  form  the  wrist, 
the  metacarpal  bones  and  tbe  phalanges  are  five  in 
number  and  form  the  hand  and  fingers. 

The  tarsal  bones  are  small  bones  to  form  the  instep 
of  the  foot,  the  metatarsal  bones  and  the  phalanges  are 
five  in  number  and  f:rm  the  foot  and  toes. 

TTtis  rule  is  absolute.  It  never  varies  from  the  num. 
her  five. 

If  we  have  an  animal  with_/b«r  toes  on  the  hind  foot 

i  in  the  hippopotamus,  or  an  animal  with  three  toes  on 
the  hind  foot  as  in  the  tapir,  or  an  animal  with  two 
toes  on  the  hind  foot  as  in  the  deer,  ox,  or  pig,  or  an 
animal  with  one  toe  on  tlie  hind  foot  as  in  the  modem 
horse,  we  may  be  sure  that  all  the  others  are  present, 
either  as  atrophied  splint-bones,  or  rudimentary  as 
small  bones,  or  tegumentary  appendages,  or  partly 
consolidated  with  other  bones,  Uliether  we  have  the 
fin  of  a  fish,  the  wing  of  a  bird,  or  the  limb  of  a  quadru- 
ped, we  shall  always  find  the  five  rows  of  phalanges 
either  entire,  rudimentary,  or  consolidated. 
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The  principle  is  constant,  the  development  in  differ- 
ent orders  of  animals  may  tindergo  some  changes  of 
local  fonn. 

The  three-toed,  horse-like  animals  of  the  Pliocene 
period  were  a  continuation  of  development  of  the  same 
series  of  animals  that  lived  in  the  preceding  ages— 
namely,  the  Miocene  and  the  still  earlier  Eocene. 
There  can  be  no  doubt  that  all  the  whole  series  of 
horse-like  animals  descended  from  a  common  ancestor, 
that  they  were  all  derived  from  a  common  stock.  That 
ancestor  could  have  been  no  other  than  the  anoplothe 
rium  of  the  early  Eocene  period. 

We  have  seen  that  this  latter  animal  varied  in  size 
from  a  fox  to  a  small  donkey.  The  earliest  forms  were 
of  the  smaller  size.  It  needed  to  undergo  but  slight 
changes  to  be  transfonned  to  the  first  of  these  horse- 
like  creatures — the  eohippus — who  was  himself  of  no 
greater  size  than  his  progenitor.  The  anoplotherinm, 
however,  had  but  two  toes  on  his  fore-foot,  while  hb 
successor,  the  eohippus,  had  four  toes  and  a  niditnen- 
tarj'  toe.     What  was  the  reason  of  this  ? 

We  have  seen  that  the  anoplotherium  had  but  twa 
toes  ;  the  others  were  rudimentary,  or  in  an  ondevd* 
oped  condition. 

His  mode  of  life  had  much  to  do  in  determining  the 
development  of  his  foot.  He  lived  at  an  age  when  all 
the  conditions  uf  life  were  especially  favorable  to  the 
changes  that  abundant  nutrition  could  bring  about. 

Vegetation  was  universal  over  the  earth  and  was  rich 
and  abundant,  and  the  air  warm  and  equable  ;  he  was 
not  obliged  to  make  any  exertion  for  his  supply  of  food, 
nor  to  seek  it  at  any  considerable  distance.  A  con- 
tinual treading  of  the  foot  on  soft,  grassy  pastures,  and 
amid  groves  of  tender  trees  tended  to  widen  it  aod  to 
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develop  the  other  phalanges  that  were  already  in  a 
fudimeiitary  condition. 

The  surface  of  the  ground  exerts  a  vast  influence  in 
developing  the  fonn  of  the  animal  foot.  Soft  or  yield- 
ing ground  develops  a  broad  or  cushioned  foot,  while 
hard  stony  ground  tends  to  develop  a  hoofed  foot  of 
the  simplest  character  and  construction. 

An  anoplotherium  living  constantly  in  the  midst  of 
soft  rich  pastures  and  quiet  groves,  taking  no  violent 
exercise,  and  needing  no  speed  to  flee  from  dangerous 
enemies,  would  naturally  tend  to  develop  a  broader 
surface  for  the  foot  to  tread  upon,  and  this  could  only 
be  done  by  an  increased  growth  of  another  row  of 
die  phalangeal  bones,  that  already  existed  in  an 
undeveloped  or  nidimentar>'  state,  in  the  original  foot. 

These  influences  would  be  sufficient  to  modify  the 
foot  of  the  anoplotherium.  and  give  rise  to  the  eohip- 
pus,  witli  a  larger  number  of  toes.  The  entire  series 
of  these  horse-like  animals  were  slowly  modified  in 
point  of  size,  and  in  the  number  of  their  toes.  As  they 
developed  in  size,  they  became  more  horse-like,  and  the 
number  of  their  toes  diminished. 

All  of  them  had  a  slow  and  awkward  gait.  But  as 
they  had  no  active  enemies,  as  the  great  caniivora, 
Ihey  did  not  need  to  escape  from  them  by  rapid  flight, 
snd  hence  the  number  of  toes  atrophied  slowly.  Tow- 
ard the  close  of  the  Pliocene  age.  however,  these  horse- 
like  creatures  were  confronted  by  destructive  enemies, 
find  to  escape  from  them  they  svere  driven  to  more  open 
And  stony  ground  and  unsheltered  places.  The  act  of 
(spid  running,  in  their  efforts  to  escape,  naturally  and 
com  necessity  threw  the  weight  of  the  body  more  and 
more  upon  the  median  digit,  and  by  the  law  of  use, 
^m  digit  underwent  a  special  development,  and  the 
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others  slowly  atrophied  or  became  radimcntary,  unlil 
finally  an  animal  was  evolved  with  one  toe— the 
Pliohippus. 

This  animal  was  the  progenitor  of  the  modem  hcirse, 
that  appeared  in  the  succeeding  epoch.  The  varietit^ 
of  horse-like  animals  of  still  later  times,  as  ihe  lebra, 
quagga,  ass,  and  tarpan  are  all  derived  from  the 
pliohippus. 

During  the  Pliocene  period  several  species  of  birds, 
some  of  which  still  exist,  made  their  appearance. 

Among  them  are  two  species  of  special  interest, 
namely.  Eagles  and  Vultures.  Both  are  camivoroos 
and  rapacious  birds  of  large  size,  and  both  possess 
predatorj'  and  ferocious  habits. 

The  evolution  of  the  eagle  bears  some  relation  to  the 
existence  of  high  mountain  ranges.  Previous  to  the 
upheaval  of  tliese  mountain  chains  eagles  did  not 
exist,  but  after  their  elevation  their  lofty  and  inaccessi- 
ble peaks  l>ecanie  a  favorite  nesting-place  for  these 
birds.  This  induced  a  special  development  of  a  wing 
capable  of  supporting  the  body  of  tlie  bird  in  long  sus- 
tained aerial  flight,  and  hence  we  see  in  the  fossil  bonet 
of  these  animals,  just  what  we  see  in  the  modern  species, 
long  bones  of  a  light  and  porous  or  cancellous  struct- 
ure, yet  possessing  sufficient  strength  to  give  attacl^■! 
ment  to  powerful  pectoral  muscles  capable  of  impartit^^ 
rapid  motion  to  these  organs. 

Their  preference  for  the  more  elevated  and  colder 
regions  of  the  moimtains  induced  a  special  growth  of 
the  feathers  or  tegumentary  appendages,  and  thifl 
growth  was  stimulated  by  a  greater  nutrition  of  tfafl 
body.  The  fierce  and  eager  carnivorous  instincts  of  tbi 
bird  led  it  to  seek  its  prey  among  the  smaller  and 
defenceless  animals,  and  as  these  were  abundant, 
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eagle  found  110  diflEculty  in   obtaining   an   unfailing 
supply  of  highly  nutritious  food. 

This  abundant  nutrition  led  to  a  greater  development 
if  the  eagles,  and  the  species  lias  continued  down  to 
r  owu  times. 


FIQ.  73.- MODE  I 


The  curved  prehensile  beak  of  these  birds  is  a  slow 
jvelopment  of  lx>tli  the  tegunientary  and  osseous  sys- 
ms,  induced  by  the  long- continued  effort  of  seizing 
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aud  holding  living  prey.  The  development  of  the 
talon  is  due  to  the  same  cause,  and  is  a  development  of 
the  boues  of  the  phalanges  and  their  terminal  claw  of 
hard  horny  tissue,  which  is  of  a  changed  tegumental? 
character. 

The  eagles  soon  developed  special  characteristics 
which  led  them  in  the  course  of  time  to  consort  more 
and  more  with  each  other,  and  these  characteristics 
began  after  a  time  to  be  transmitted  to  their  successors, 
until  finally  they  became  so  distinctive  as  to  mark  tie 
bird  as  a  species  di&ring  widely  from  other  birds  of 
prey. 

The  eagles  are  solitary  in  their  habits,  possessing 
unrivalled  powers  of  flight,  patient  of  fetigue.  fierce 
and  rapacious  in  their  iiatiires,  and  carnivorous  and 
predatory  in  tlieir  modes  of  life. 

Their  strong  curved  beak  and  sharp  hooked  talons 
are  admirably  adapted  to  capture  and  hold  living  prey, 
upon  which  they  solely  subsist. 

In  Fig.  73  we  see  the  modem  eagle. 

The  fossil  Vultures  varied  but  little  from  the  eagles. 
In  modem  times  the  difierences  between  the  two  species 
are  more  widely  marked. 

The  vuttines  differed  from  the  eagles  in  having  the 
beak  less  curved,  and  the  talons  less  sharply  hooked, 
while  the  metatarsal  bones  and  tlie  phalanges  were 
more  widely  separated.  This  was  due  to  tlie  habits  of 
the  animal.  They  are  scavenger  birds,  living  wholly 
upon  dead  animals,  which  they  find  upon  the  ground. 
This  causes  them  to  walk  more  than  the  eagles  ;  and, 
as  a  result,  the  foot  develops  laterally  to  form  a  broader 
surface  to  tread  upon.  As  they  are  not  compelled  to 
strike  their  prey,  the  talon  is  not  specially  developed, 
as  in  the  eagle. 
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They  do  not  build  their  nests  in  such  high  altitudes 
as  the  eagles,  and  while  they  possess  a  large  and 
powerful  wing,  they  seldom  soar  to  any  great  altitude 
in  Sying. 


I 


FIO.  74.— MODERN  VULTUBE. 

The  modem  vulture  is  a  true  bird  of  prey,  but  he 
rarely  attacks  living  animals.  His  habits  are  those  of 
a  scavenger,  and  he  prefers  dead  to  living  food. 

His  mode  of  life  has  caused  his  foot  to  develop  into 
a  form  well  adapted  for  walking.  His  body  is  large, 
and  supports  a  powerful  wing,  and  his  head  and  neck 
are  devoid  of  feathers.     We  see  the  vulture  in  Fig.  74. 

By  comparing  him  with  the  eagle,  we  see  that  the 

lints  of  similarity  are  so  strong  as  to  lead  us  to  the 
iclusion  that  he  originally  sprang   from   the  same 


The  Pliocene  period  was  remarkable  for  a  gitat 
number  of  new  forms  of  mollusks.  Many  of  them  are 
now  extiuct,  while  a  few  have  survived  to  our  omi 
time.  This  form  of  animal  life  was  exceedingly  pro- 
lific ill  that  age  ;  and  we  can  judge  that  it  would  be  so 
when  the  natural  conditions  were  so  favorable  to  its 
development. 

In  Fig.  75  we  see  several  forms  of  these  ancient 
mollusks,  which  closely  resemble  the  modern  s 

Some  are  bivalves,  resembling  the  modem  oyst 
scallop,   and  dam.   while    others   are  univalves, 
gasteropods,  like  the  modem  snail. 


i.-M0LLUEK3  OF  THE  PLIOCENE  PERIOD. 


We  have  already  studied  the  process  of  evolution  f 
all  mollusks,  and  have  seen  that  the  shells  both  I 
bivalves  aud  univalves,  however  intricate  in  struct 
or  elaborate  in  design,  are  secreted  by  the  little  follid 
located  in  the  mantle  of  the  animal,  out  of  the  li 
which  the  water  holds  in  solution.  This  lime,  w^ 
duly  mixed  with  a  small  quantity  of  organic  matt 
also  secreted  by  the  animal,  is  slowly  and  successiw 
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built  up  into  the  manifold  shapes  and  beautiful  fonns 

I  characteristic  of  moUuscan  life. 

These  late  Tertiarj'  shells  had  a  wide  range  of  dis- 
■tiibution.  They  were  formed  in  incredible  numbers 
in  the  seas,  just  before  the  great  mountain  ranges  were 
uplifted,  and  extended  irom  North  America,  through 
the  Isthmus  of  Darien,  along  the  western  border  of 
South  America,  to  Southern  Patagonia. 

They  also  extended  through  Europe,  into  Africa, 
Persia,  and  India. 

After  the  great  moiuitain  upheavals  occurred,  these 
shells  were  found  in  vast  quantities  imbedded  in  sand- 
stone on  the  sides  and  summits  of  the  mountains,  at 
varj-ing  altitudes.  In  the  Rocky  Mountains  they  have 
been  found  at  an  elevation  of  10,000  feet.  On  the 
Isthmus  of  Darien  they  form  a  long  line  of  low  ridges, 
orhills,  composed  entirely  of  these  shells.  The  Panama 
Railway  cuts  throi^h  several  of  these  ridges,  at  Gatun 
station,  and  another  at  Summit  station,  the  highest 
point  reached  by  the  railway.  Here  and  at  Gatun  I 
ibund  many  beautiful  specimens  of  these  shells,  per- 
fectly preserved. 

In  Fig.  76  we  have  a  view  of  the  Panama  Railway 
crossing  the  summit  of  the  isthmus  at  Empire  station. 
On  the  right  of  the  picture  we  see  a  bank  cut  through 
by  the  railway  grading.  This  is  filled  by  these  late 
Tertiary  shells,  uplifted  to  their  present  position  by  the 
same  forces  of  internal  heat  that  uplifted  the  mountains. 
■I  dug  out  of  the  sandstone  at  Empire  Station  several 
masses  of  shells  which  looked  almost  as  fresh,  and  were 

.  unbroken,  as  recent  specimens. 

On  the  coast  of  Chili  just  south  of  the  town  of  Lota  is 
a  high  bluff  of  coarse  sandstone.  This  is  worn  by  the 
of  the  sea  and  the  rains,  and  presents  a  perpen- 
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dicular  wall  of  about  tliirty  feet  in  height.     Out  of  the 
face  of  this  bluff  is  a  fossil  tree  trunk  projecting  about 
six  feet,  and  having  a  diameter  of  fourteen  inclies.  , 
Both  the  bark  and  wood  are  perfectly  petrified, 
bluff  presents  a  long,  level,  unbroken  line  of  sandston^'fl 
with  a  smooth  face  towards  the  west.    It  stretches  anqr| 
to  the  south  for  more   than  a  hundred  mites,  i 
finally  lost  in  tlie  irregular  coast  hills  that  end  abrupt! 
at  the  island  of  Chiloe. 

These  bluffs  are  covered  by  overlying  beds  of  fi 
shells  of  varying  thickness,  and  I  found  them  in  1 
perfectly  preserved  state. 

These  shells  have  been  found  at  several  points  in 
South  America,  besides  the  beds  near  Lota  I  ha« 
described,  and  at  an  altitude  of  more  than  13.000 
feet  in  the  Andes.  They  have  been  found  in  the 
Pyreenes  as  high  as  8.000  feet,  in  the  Alps  as  high  as 
10,000  feet,  and  in  the  Himalaya  range  they  have  been 
discovered  in  great  numbers  at  the  vast  elevation  of 
18,000  feet. 

The  plants  of  the  Pliocene,  or  late  Tertiary  period 
were  nearly  the  same  as  we  see  them  now.  As  the 
temperature  of  the  earth  at  that  time  was  universally 
warm,  the  palms  of  a  previous  age  continued  to  flourish 
in  Europe  and  Northern  Asia.  What  are  now  the 
frozen  and  inhospitable  wilds  of  Siberia,  were  in  those 
ages,  warm  and  temperate  regions,  furnishing  abundant 
pasturage  to  great  numbers  of  animals.  Ample  evi- 
dence of  tliis  fact  exists  in  the  great  numbers  of  fossil 
bonesof  animals  that  have  been  found  in  those  northern 
regions,  and  also  of  the  fossil  palms  and  other  plauts  j 
that  are  now  found  only  in  torrid  zones. 

During   the    Pliocene   or  late  Tertiary    period, 
landscape  of  the  earth,  and  the  general  outline  of  c 
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tiiients  underwent  some  changes.  Before  the  uplift  of 
the  great  mountain  systems,  the  suriace  of  the  earth 
was  comparatively  level  or  undulating.  It  suffend 
several  slight  submergences  beneath  the  sea  and  subse- 
quent elevations  before  the  great  mountain  upheavab 
occurred,  and  these  changes  of  level  occasioned  change 
more  or  less  serious  in  the  destruction  of  man;*  fbnns 
of  animal  life.  This  destruction  was,  however,  mainly 
confined  to  the  lower  forms  of  life.  The  higher  auimali 
were  able  to  maintain  themselves  in  safety  by  flight,  X 
the  .slower  process  of  migration. 

North  America  made  some  additions  to  its  area  by 
the  slow  formation  of  the  territory  bordering  on  the 
Mexican  Gulf,  and  the  Peninsula  of  Florida,  and  alsoa 
long  narrow  border  of  land  lying  along  what  is  now  the 
California  coast.  But  in  general  the  outlines  of  botli 
North  and  South  America,  of  Europe,  Asia,  Africa,  and 
the  vast  Archipelago  of  Polynesia,  remained  practically 
the  same  as  we  see  them  at  the  present  time. 

It  seems  very  probable,  as  many  geologists  believe, 
from  the  evidence  at  hand  that  the  continent  of  Nortlt 
America  once  terminated  in  a  continuous  stretch  rfi 
islands  over  what  is  now  the  north  polar  region 
through  to  the  mainland  of  Northern  Asia,  and  that 
of  that  great  region,  which  is  now  an  icj-  or  wateiy 
waste,  was,  up  to  the  close  of  the  Pliocene  period,  i 
connected  land  or  series  of  contiguous  islands,  whidl 
formed  a  congenial  habitat  for  animal  life. 

These  islands  forming  the  great  "North  Polar  Archt' 
pelago  were  surrounded  hy  exceedingly  shallow  waters, 
so  that  animals  could  readily  pass  from  one  to  anoths 
with  the  greatest  freedom. 

In  our  time  the  land  between  North  America 
Asia  is  nearly  continuous,  being  only  separated  by  tlu 
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narrow  passage  known  as  BeLring's  Strait.  At  the 
close  of  the  Pliocene  period,  the  waters  about  this 
entire  region,  as  fiar  south  as  the  group  of  Aleutian 
Islands,  which  form  a  sort  of  promontory  from  Southern 
Alaska,  were  very  superficial  indeed,  and  it  seems 
probable  that  dry  land  once  extended  over  a  great  part 
of  this  area. 

The  warm  and  temperate  climate  that  then  pre- 
vailed, the  luxuriant  flora  that  grew  everywhere,  and 
the  shallow  seas  and  continuous  land  made  the  con- 
ditions extremely  favorable  for  the  free  and  unre- 
strained passage  of  animals  from  America  to  Asia,  or 
from  either  continent  to  the  other. 

The  same  is  no  doubt  true  of  Southern  Asia.  The 
waters  are  very  superficial  between  the  long,  narrow 
point  of  land  known  as  the  Malay  Peninsula  and  the 
islands  of  Sumatra,  Java,  Borneo,  Papua,  Australia, 
and  New  Zealand. 

It  seems  to  me  extremely  probable  that  this  great 
archipelago,  now  resting  in  quiet  and  shallow  seas, 
was  once  either  connected  and  continuous  land  or  so 
nearly  so  as  to  allow  of  the  free  migration  of  animals 
from  one  part  to  another. 

It  is  true  that  Australia  is  now  separated  from  New 
Zealand  and  from  Papua  by  deep  seas,  but  even  here 
the  depth  is  not  so  great  as  it  is  in  the  Pacific  basin 
proper.  Geologists  believe  that  this  great  area  has 
been  the  scene  of  several  submergences  and  elevations. 

During  or  subsequent  to  the  Cretaceous  period  this 
might  have  occurred  and  the  land  have  been  so  con- 
nected that  animals  would  have  found  no  difficulty  in 
passing  from  the  main  continent  of  Asia  to  Australia. 
In  cruising  about  the  islands  of  Java,  Sumatra,  and 
Borneo,  and  especially  in  sailing  through  the  narrow 
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and  shallow  Strait  of  Sunda  and  the  isle-studded  Ban<k 
Sea,  I  saw  e\'idences  that  these  islands  at  some  pre- 
vious geological  epoch  were  joined  together,  fonning 
a  continuous  stretch  of  land  as  far  south  as  Australia. 
It  is  held  by  geologists  that  the  interior  of  the  conti- 
nent of  Asia  is  now  undergoing  a  slow  upward  move 
ment,  and  that   the  great  South  Pacific  bed  is  also 
slowly  rising.     It  is  also  believed  that  a  continent  ouoe 
existed  over  that  vast  region  where  there  are  now  only 
isolated    groups  of  islands,  known  under  the  general 
name  of  Oceaiiica.     There  can  be  no  doubt  that  there 
is  ample  geological  evidence  to  support  this  view,  and 
if,  as  I  believe  is  the   case,  the   whole  of  that  vaat 
area  was  once  connected  with  the  raaiu  continent  rf 
Southern  Asia,  either  as  continuous   land  or  closely" 
connected  islands,  the  facts  relating  to  the  geographi- 
cal distribution  of  animals  are  capable  of  easy  solution. 
The   great   terminal   extremity  of  tlie  continent  of' 
South  America,  known  as  Terra  del  Fuego,  is  separated 
from  the  mainland  of  Patagonia  by  the  Straits  of  Mb^ 
gellan.     From  the  first  emergence  of  this   continoit 
above  the  sea  in  the  Azoic  age  to  the  Pliocene  or  lati 
Tertiary  period,  no  such  separation  ejrisled.    The  laa^ 
was  continuous  to  the  southerly  point  of  Horn  Island,: 
It  also  extended  in  an  easterly  direction  to  the  littil 
group  of  rocky  islands  known  as  the  Falkland  IsleS 
There  is  good  reason  for  believing  that  these  island 
were  once  connected  with  the  main  continent  of  Souti 
America  by  a  long,  low,  narrow  strip  of  land,  whid 
has  since  disappeared  by  erosion.     In  the  late  Tertiafj 
age,  when  the  great  mountain  range  of  the  Andes  was 
uplifted,  the  extreme  southerly  end  of  the  chain  was 
broken  off,  leavuig  a  deep  rift  or  gorge  on  the  westerly 
side,  into  which  the  waters  of  the  Pacific  Ocean  fioAveiLI 
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For  many  subsequent  ages  this  gorge  existed  and 
extended  eastward  only  as  far  as  the  plains  of  Pata- 
gonia. These  great  plains,  which  formed  Eastern 
Patagonia,  extended  unbroken  to  the  end  of  Terra  del 
Fuego.  and  no  strait  existed.  In  the  course  of  time 
the  rains  from  the  eastern  slope  of  the  Andes  formed 
a  niniung  stream,  which  extended  across  these  plains 
and  emptied  itself  into  the  Atlantic  Ocean.  This  stream 
slowly  formed  a  channel,  which  cut  deeper  and  deeper 
into  the  land  until  a  passage  was  opened  connecting 
the  mountain  rift  or  gorge  on  the  Pacific  side  with  the 
waters  of  the  Atlantic  Ocean.  Now  the  sea  rushed  in 
and  cut  the  passage  wider  and  deeper,  and  this  process 
of  erosion  is  stiJl  going  on,  aided  by  the  rapid  tide 
which  mns  on  the  eastern  side  at  the  rate  of  twelve 
I  miles  an  hour  during  its  ebb  and  flood.  This  is  the 
I  way  my  own  observations  have  led  me  to  believe  the 
Straits  of  Magellan  were  formed. 

The  laud  forms  a  high  bluff  at  the  Atlantic  entrance 
to  the  straits,  known  as  Cape  Virgin.  The  sea  from 
this  cape  across  to  the  Falkland  Isles  is  extremely 
shallow,  and  the  evidence  is  verj-  strong  that  tlie  land 
formerly  connected  them  by  a  long  narrow  strip  which 
has  been  washed  away,  in  comparatively  recent  times, 
by  the  action  of  the  winds,  the  rains,  and  the  sea, 
leaving  them  as  isolated,  rocky  islands  in  the  ocean. 
In  Fig.  77  we  have  a  view  of  the  entrance  to  the 
I  Straits  of  Magellan  from  the  Atlantic  Ocean  and  of 
the  high  blu^  on  either  side,  which  are  still  under- 
foing  erosion  from  the  action  of  the  sea  and  the 
Mlher. 

The  group  of  islands  bordering  on  the  Caribbean  Sea, 
s  the  West  India  and  Windward  Islands,  were 
I  dotlbtless  connected  at  some  previous  geological 
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period.  This  group  comprises  the  islands  of  Cuba. 
Hayti,  Jamaica,  St.  Thomas,  ami  Porto  Rio),  or  thi- 
Greater  Antilles,  aud  the  bow-shaped  group  of  islands 
or  the  Les-ser  Antilles,  ending  at  the  islands  of  Barba- 
does,  Grenada,  and  Tobago,  at  the  extremity  of  Uie 
mainland  at  Venezuela  in  South  America. 

There  is  abundant  reason  for  believing  that  thiscoti' 
siderable  archipelago  was  at  some  former  period  con- 
nected with  the  mainland  at  Yucatan,  at  Florida,  and 
at  Venezuela,  making  a  semicircular  border  of  land 
enclosing  the  deep  basin  of  the  Caribbean  Sea,  and 
washed  on  its  eastern  shore  by  the  Atlantic  Ocean. 

This  extensive  area  is  now  occupied  by  a  great  num- 
ber of  islands,  some  of  large  size,  lite  Cuba,  and  otliefs 
mere  dots  of  sand,  but  all  rising  out  of  a  clear,  blue, 
superficial  sea.  Most  of  these  islands  lie  in  the  Tropic 
of  Cancer,  between  the  loth  parallel  of  north  latitude 
and  the  tropical  line  of  23°  30'.  Only  a  few,  belonging 
to  the  Bahama  group,  lieto  the  north  of  this  torrid  hue. 

My  own  observations  of  the  geology  of  this  region 
convince  me  that  this  area  was  once  a  continuous  cir- 
cular border  of  land,  which  served  for  many  ages  as  a 
short  and  convenient  highway  for  the  migration  of  ani- 
mal life  from  North  to  South  America.  I  have  studied 
the  greater  number  of  these  islands  with  some  carea 
believe  that  the  e\'ideiice  warrants  this  conclusion. 

The  Yucatan  channel  is  quite  narrow,  and  the  dej 
of  the  sea  is  very  superficial.  The  shore  on  the  Viu 
tan  promontory  is  still  undergoing  erosion.  . 
the  extremitj'  of  the  island  of  Cuba.  Most  of  t 
islands  comprised  in  this  region  show  signs  of  p 
or  former  wear. 

The  close  of  the  Pliocene  period  saw  the  sor&ce  « 
the  earth  closely  resembling  its  present  aspect. 
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I  chauges  that  have  since  occurred  are  those  relating  V 

I  the   height  of  moimtaia  peaks,   the   more  extenav 

I  formation  of  great  river  systems,  and  the  wear  of  se 

I  coasts,  the  filling  up  of  marshy  tracts,  and  the  sepat: 

W  tion  of  islands  from  the  main  body  of  continents. 

In  the  long  ages  of  post-Tertiar>-  times,  the 
mountain  peaks  have  undergone  a  considerables! 
of  erosion  tlirough  the  agency  of  winds,  of  frost,  sui 
and  rain.  Those  high  rocky  masses  have  cniinti 
and  worn  imder  the  influence  of  these  potent  agend 
until  their  lofty  summits  have  receded  to  a  cons 
ably  lower  level.  This  lesser  ele\-atioii  of  tuouni 
tops  has  in  turn  exerted  a  raodifj'ing  influence  oil 
mates.  When  the  great  mountain  ranges  were  I 
uplifted,  their  high  crests  reached  far  into  the  up 
regions  of  cold,  and  the  moisture  carried  to  them  fi 
the  sea  by  the  winds,  caused  a  prodigious  fall  of  sm 
As  the  snows  melted  they  wore  down  tlie  higher  si 
mils  until  at  length  the  wear  was  so  considerable  t 
the  mean  elevation  of  mountain  systems  reached 
point  where  they  at  present  appear. 

These  changes  in  the  altitude  of  mountain  rai 
not  only  cause  changes  by  the  washing  down  of 
materials,  and  piling  them  Up  into  foot-hill.s  or  spna 
iug  them  out  over  the  adjacent  land,  but  by  the  inl 
cnccs  they  exert  on  climates,  and  the  migrations  g 
motlifications  of   animals.       In    the   course    of  Id 

tlseriods  of  time,  these  influences  have  been  potent 
causing  chauges  in  animal  forms. 
In  the  Pliocene  deposits  there  have  been  found  1 
fossil  bones  of  several  species  of  animals  that, 
they  were  fairly  well  developed,  and  somewhat  n' 
ous,  did  not,  however,  sur\-ive  ver>'  long  ;  uor  did 
become  the  progenitors  of  any  succeeding  race,     Tb 
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were  aberrant  types,  and,  after  attaining  a  more  or  k 
complete  development,  became  extinct.  Of  these  w 
OreodOQ  and  Eporeodon,  two  hog -like  animals  that " 
were  herbivorous  and  ruminating.  They  had  four  lix> 
on  each  foot,  Oreodon  was  about  the  size  of  a  nioder:. 
peccary,  while  eporeodon  attained  a  size  nearly  doublt. 
They  were  lioth  very  numerous  on  the  Pacific  slope, 
and  on  the  eastern  slope  of  the  Rocky  Mountains.  At 
the  close  of  the  Pliocene  both  disappeared.  It  is  not 
improbable  that  these  animals  were  widely  diverging 
forms  from  the  original  line  of  evolution  of  the  hippo- 
potamus, and  this  view  seems  entirely  reasonable. 

Several  other  aberrant  forms  appeared  in  this  samt 
geological  age,  but  few  if  any  of  them  lefl  any  perma- 
nent successors. 

In  Pliocene  times  the  true  camels  began  to  appear, 
and  our  own  country  seems  to  have  been  the  cradle  in 
which  these  animals  were  evolved.  We  have  already 
seen  that  the  xiphodon  of  the  Eocene  period  was  un- 
questionably the  progenitor  of  the  camel.  In  the  suc- 
ceeding ages  to  the  Pliocene  period,  he  had  ample  time 
to  undergo  the  shght  changes  necessary  to  transmute 
him  to  a  camel.  Henceforth  the  camel  became  a  per- 
manent organic  type. 

As  the  Pliocene  period  closed,  the  landscape  o 
earth  was  nearly  as  we  see  it  in  our  day.  Mounts 
plains,  forests,  rivers,  and  the  sea  looked  then  ^ 
nearly  as  they  appear  now.  Some  animal  forms  woi 
have  appeared  strange  to  us,  and  some  would  1 
appeared  familiar.  Such  an  ideal  view 
Fig.  78. 


CHAPTER  XII. 

POST-TERTIARY   PERIOD:— AGE  OF  THE  GREAT 

MAMMALS. 

The  Glacial  period — Landscape  of  the  earth — Evolution  of 
camivora,  mammoth,  megatherium,  mylodon,  glypto- 
don,  schistopleuron,  bears,  lions,  tigers,  sabre-toothed 
tiger — Development  of  a  retractile  claw — Dun  color  of 
skin — Birds — Dinomis — Rodents — Formation  of  rivers — 
Plants — Pine— Fir — Spruce — Hemlock — Cedar — Oak — Ash 
— Beech  —  Maple  —  Birch  —  Rose  —  Strawberry  —  Apple  — 
The  appearance  of  the  true  horse — Influences  of  the  Ice 
period. 

The  last  subdivision  of  the  Tertiary  period — namely, 
the  Pliocene  period — came  to  an  end,  and  was  followed 
by  what  is  known  as  the  Post-Tertiary  period.  This 
epoch  witnessed  the  more  complete  evolution,  and  also 
the  final  extinction  of  many  of  the  great  forms  of  mam- 
malian life.  Those  great  forms  of  animal  life  that 
flourished  so  vigorously  in  that  era — such  as  the  sloths, 
mammoths,  hyenas,  lions,  tigers,  horse-like  animals, 
stags,  bears,  rhinoceroses,  and  hippopotamuses — had  a 
wide  range  over  the  earth.  They  extended  from  the 
extreme  southerly  limit  of  South  America  over  the 
whole  of  that  continent,  through  the  immense  extent 
of  North  America,  across  the  arctic  islands  to  Northern 
Asia,  thence  onward  over  that  vast  continental  area 
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to  India,  Afiica,  and  Australia,  comprising  all  of  the 
drj-  land  over  the  whole  earth.  So  wide  a  geograph- 
ical distribution  of  these  great  types  of  animal  life  fiir- 
iiishes  us  with  the  strongest  geological  and  scientific 
proof  tliat  the  physical  conditions  of  the  earth  were 
well  adapted  for  their  propagation  and  support.  The 
leniperature  had  not  lowered  sufficieutlj-  to  materiallj- 
change  the  climate — it  was  still  of  a  warm  and  equable 
character  over  the  whole  northern  part  of  the  globe 
The  vast  regions  of  North  America  bordering  on  the 
arctic  wilds,  and  the  almost  limitless  expanse  now 
known  as  Northern  Asia  or  Siberia,  were  in  those 
remote  ages  boundles-s  pastures,  rich  in  verdure,  wa- 
tered by  numerous  sparkling  streams,  and  basking  in. 
warm  and  agreeable  temperature,  and  lighted  by  a 
perpetual  summer  sun. 

These  regions  were  the  congenial  habitat  of  vast 
numbers  of  herbivorous  mammals,  who  roamed  at  will, 
over  those  pleasant  pastures  where  food  was  so  nu- 
tritious and  abundant. 

Such  immense  herds  of  peaceful  and  nearly  defence* 
less  animals  living  quietly  amid  favorable  surround- 
ings, and  developing  rapidly  as  to  numbers  and  ia 
anatomical  structure,  would  in  tuni  exert  a  powerfbl 
influence  in  augmenting  the  e\'olutiou  of  fierce  cai*- 
nivora,  who  would  find  abundant  and  nutritious  fooi 
by  pre>-ing  upon  them 

Accordingly  we  find  that  in  the  rapid  developmenll 
of  the  herbi^'orous  animals,  there  is  also  a  rapid  devel-j 
opmeut  of  the  carnivorous  animals. 

Abundant  and  luxuriant  pasturage,  giving  ea^ 
support  to  immense  herds  of  large  and  inofiensiv£ 
mammals  like  the  stag,  deer,  and  mammoth,  whoa^ 
evolution  was  along  the  most  favorable  lines  of  de* 
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dopment  and  growth,  nattirally  attracted  carnivorous 
asts  of  fierce  and  eager  instincts,  who  found  the 
mditions  of  life  equally  easy  to  theni  by  preying'  upon 
I  resistless  atiiraals.  Hence  the  evolution  of  the 
.  and  the  tiger  received  a  great  impulse  under 
conditions  so  exceedingly  favorable,  and  we  find  thai 
they  attained  a  great  size  in  the  Post-Tertiary  epoch,  a 
size  that  has  since  greatly  diminished  until  it  has 
reached  that  of  our  modem  species.  We  view  with 
interest  and  perhaps  some  surprise  the  rapid  anatomical 
development  and  growth  of  the  mammals  of  the  Post- 
Tertiarj'  period.  We  say  rapid  in  a  comparatt\'e  sense, 
for  the  duration  of  this  period  was  of  inconceivable 
extent.  All  of  them  — the  mammoth,  stag,  deer,  hyena, 
bear,  lion,  and  tiger— attained  a  size  considerably  greater 
than  is  now  seen  in  the  animals  of  our  time.  And  tlie 
reason  of  this  great  size  is  to  be  found  in  the  easy  con- 
ditions of  life  that  then  prevailed.  An  ideal  view  of 
the  earth  at  this  particular  epoch  would  show  us 
almost  limitless  expanses  of  rich  aiid  luxuriant  field 
and  prairie,  of  meadow  and  wood,  of  hill  and  valley, 
watered  by  plentiful  streams,  bathed  in  soft  sunshine, 
basking  in  a  mild  temperature,  and  inhabited  by  vast 
numbers  of  animals  of  great  size  and  variety,  some 
quiet  and  peaceful,  feeding  upon  the  nutritious  and 
abundant  herbage  growing  everywhere  about  them 
luxuriantly,  and  following  steadily  along  the  special 
lines  of  their  own  paths  of  evolution,  and  reaching 
high  degree  of  development  aud  growth,  through  long- 
contiuued  aud  ample  nourishment.  Others  of  fierce 
and  predatory  habits,  witll  natures  restless,  fiery,  and 
intensely  eager,  whose  carnivorous  instincts  made  them 
ferocious  and  cruel,  and  led  them  to  kill  and  devour 
B^eir  unarmed  and  defenceless  neighbors. 
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These  favorable  conditions  of  life  stimulated  a  pro- 
liferatiou  of  tissue  cells  and  an  increased  growth  of  ana- 
tomical organs,  of  bone,  muscle,  cerebral  tissue,  and  a 
richer  and  more  abundant  circulating  fluid, — the  blood. 
Hence,  under  such  conditions,  animal  organizations 
attained  a  high  development,  and  greater  anatomical 
growth,  as  well  as  more  perfect  physiological  functions. 
All  these  great  Post -Tertiary  mammals  are  now  extinct, 
and  their  places  are  filled  by  the  same  species,  with  a 
few  exceptions,  of  a  lesser  size. 

One  of  the  most  interesting  of  these  great  animals 
was  the  Mammoth. 

His  evolution  proceeded  from  his  great  progenitors, 
the  mastodon  or  the  dinotherium,  of  the  Miocene 
period.  If  we  will  refer  to  these  former  animals  and 
compare  them  with  the  mammoth,  we  shall  see  strong 
points  of  resemblance  between  them. 

In  Fig,  79  we  see  tlie  mammoth  restored.  He  is  a 
large  elephant-like  creature,  of  a  heavy  anatomical 
structure,  with  a  trunk  or  muscular  prehensible  probos- 
cis, and  long  powerfiil  tusks  recurved  superiorly. 

In  the  mastodon  we  have  two  sets  of  tusks  or  canine 
teeth,  which  are  long,  nearly  straight,  and  very  pow- 
erful, especially  tho.se  in  the  upper  jaw.  The  tusks  in 
his  lower  jaw  are  less  completely  developed.  What  is 
the  reason  of  this  difference  in  the  form  of  tusk  in  the 
two  animals,  when  one,  the  mastodon,  is  the  progeui- 
tor  of  the  other  ?  It  is  very  clear.  The  mastodon  was 
the  evolution  of  a  long  previous  age— the  Miocene.  He 
lived  on  foliage  and  roots,  and  in  order  to  obtain  tile 
latter  he  must  dig  them  out  of  the  ground.  His  con- 
ditions of  life  were  less  favorable  than  those  of  his 
successors,  and  to  meet  these  harder  conditions  he 
must  develop  organs  especially  adapted  to  his  needs. 
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^^^ence  the  development  of  his  long  straight  tusk.     As 
^Ktme  advanced  and  the  vegetation  of  the  earth  became 
^Biore  abundant,  the  animal  was  not  compelled  to  use 
^■ns  tusts  to  obtain  a  supply  of  food.     He  could  gather 
^wrosses  and  leaves  by  means  of  his  trunk  or  proboscis 
^nlone,  and  the  long  tusks  were  not  needed,  but  a  con- 
tinual pressure  of  the  tusks  upon  the  ground  or  against 
the  trunks  of  trees  while  the  mammoth  was  in  the  act 
of  feeding  tended  to  give  them  an  upward  curve,  in 

FIO.  79,-MAMMi.TH. 

order  to  place  them  out  of  the  animal's  way.     In  this 
manner,  then,  the  straight  tusk  of  the  mastodon  de- 
veloped into  the  upward  curved  tusk  of  the  mammoth. 
The  more  hairy  integument  of  the  mammoth  was  a 
superficial  character,  and  was  of  a  later  growth  in  his 
development.      His  osteologj'   and   his  physiological 
functions  did  not  materially  diSer  from  those  of  his 
predecessor. 
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The  fossil  bones  and  tusks  of  the  mammotti  haw 
been  found  in  great  numbers  in  Northern  Asia,  in 
of  the  arctic  islands,  and  in  the  northern  part  of  the 
Continent  of  America  especially  in  Alaska,  showings 
that  he  had  a  wide  range  of  geographical  latitude. 
This  is  an  additional  amount  of  evidence  that  these 
vast  regions  now  lying  under  perpetual  frost  and  ice 
were  in  Post-Tertiary  times  green  and  grassy  fields, 
smiling  under  a  continual  summer  sun,  and  affiinlitig 
ample  sustenance  to  countless  herds  of  herbivorona 
mammoths. 

Fossil  bones  of  the  mastodon  have  been  found  i 
few  localities  of  South  America,  along  the  banks  ol 
some  of  the  streams  in  Paraguay,  but  no  txines  of  the 
mammoth  have  been  found  there  so  far  as  I  am  a 

The  continent  of  South  America,  however,  h, 
forded  us  the  fossil  remains  of  a  number  of  remarkable 
types  of  animal  life.  So  far  as  at  present  known,  these 
animals  have  not  been  found  in  any  other  part  of  the 
earth.  They  are  the  gigantic  Megatherium,  and  the 
Mylodon,  two  edentates,  belonging  to  the  slotlis,  and 
the  Glyptodon  and  Scbistopleuron,  two  animals  be- 
longing to  the  armadillos. 

In  Fig.  80  we  have  a  view  of  the  megatherium,  ; 
if  we  compare  him  with  the  mylodon  we  shall  see  that 
the  two  animals  clo.scly  resemble  each  other  in  that 
anatomical  configuration  and  structure,  while  no  t 
ence  exists  iu  their  physiological  functions. 

These  huge  creatures  found  a  congenial  habitat  iq 
the  great  regions  of  lower  South  America,  especially 
south  of  what  is  now  the  tropical  line  of  Capricorn,! 
although  then  the  temperature  was  uniform  to  the  Polt 
To  the  south  of  this  line  stretch  the  immen.se  levd 
plains  known  as  the  pampas.     These  plains  begin  1 
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the  Atlantic  sea-coast  on  the  east  and  continue  on  up  to 
the  barrier  of  the  high  Andes  on  the  west,  a  distance  of 
nearly  a  thousand  miles  in  the  most  northerly  part.  On 
the  south  they  terminate  at  the  bluifs  that  overlook  the 
Straits  of  Magellan.  They  extend  from  north  to  south 
about  two  thousand  miles. 

From  the  Cretaceous  period  to  the  present  time  this 
enormous  area  has  been  the  home  of  many  diversified 
types  of  animal  life.  In  the  Post-Tertiarj-  period  it  has 
been  the  early  and  almost  exclusive  home  of  tliose 


WDgular,  sloth-like  edentates,  the  megatherium  and  the 

The  evolution  of  these  special  forms  of  animal  organ- 
isms seems  to  have  been  confined  to  this  particular 
section  of  South  America,  althougli  their  progenitors 
undoubtedly  migrated  originally  from  North  America. 

The  modem  sloth-like  animals  find  their  home  in  the 
tropical  regions  of  the  Amazon  River,  but  their  Post- 
Tertiary  ancestors  found  the  great  pampas  a  more  con- 
genial habitat.  The  climate,  however,  differed  but  little 
in  those  ages  over  the  whole  area  of  South  America. 
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It  was  universally  warm  over  its  whole  extent,  and 
the  pampas  enjoyed  a  tropical  luxttriaoce  of  rich  vegt 
tat  ion. 

These    two   animal    forms  were   edeniaUs,  > 
having  no  incisor  or  canine  teeth  va.  either  the  upi 
or  lower  jaw. 

They  were  enormously  developed  in  their  osteolog 
The  bony  skeleton  was  greatly  in  advance  over  that  dl 
any  other  animal,  especially  in  the  size  of  the  femnr,^ 
tibia,  and  fibula  of  the  posterior  limbs,  and  the  hume- 
rus, radius,  and  ulna  of  the  anterior  limbs. 

These  fossil  sloths  have  been  found  in  great  numbers 
over  wide  extents  of  the  pampas.  Their  peculiar  ana- 
tomical structure  excites  our  interest  and  leads  us  at 
once  to  study  their  evolution.  What  previous  animal 
form  was  his  progenitor  ? 

There  appears  to  be  strong  evidence  that  both  t 
megatlieriiun  and  the  mylodon  sprang  originally  f 
the  paleotherium  of  the  early  Eocene  period. 

The  paleotherium  was  a  large  tapir-like,  herbivoro 
mammal  living  in  vast  herds  in  the  fertile  and  imniei 
plains  of  North  America,  and  in  the  almost  boundle 
steppes  of  Northern  Asia. 

He  found  it  an  easy  task  in  the  course  of  the  ages  tl 
migrate  by  slow  and  easy  quiet  jourrieys  from  North  to 
South  America  along  the  border  of  land  that  in  a  pre- 
vii>us  age  formed  the  great  bridge  or  highway  stretch- 
ing from  near  Florida  along  what  are  now  the  group  ^ 
of  Windward  Islands  to  Venezuela  on  the  South  Amer 
can  coast.     Along  this  great  highway  the  paleotheriu] 
or  his  descendants  could  easily  pass  and  hndultituate 
the  rich  and  fertile  pastures  of  the  pampas. 

Here,  surrounded  by  abundant  and  nutritious  hei 
age,  he  slowly  underwent  those  anatomical  change 
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that  transmuted  Tiim  into  a  megatherium  or  a  mylodon. 
These  changes  are  not  so  great  or  so  radical  as  would 
at  first  %-iew  appear.  The  degree  of  change  was  slight 
and  progressed  along  lines  closely  parallel  to  the  origi- 
nal animal.  They  affected  principally  his  dentition  and 
Jhe  special  development  of  his  digital  extremities  from 
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pass,  in  the  course  of  time,  from  that  special  animal  1 
type  to  either  of  the  others.     The  differeuces  between  I 
the  megatherium  and  the  mylodon  are  very  slight  and   ' 
show  a  very  close  parallelism  of  development  from  their  ' 
common    ancestor.    We   have   already   seen  that    the 
paleotherium  was  a  tapir-like  animal  having  a  long^  1 
prehensile  lip  and  imperfectly  developed  nasal  bones, 
and  slightly  developed  canine  and  incisor  teeth.     He 
transmitted  these  qualities,  as  well  as  his  herbivorous 
habits  and  mammalian  physiological  functions,  to  his 


Both  the  megatherium  and  the  mylodon  preserved 
these  special  characters,  hut  underwent  a  further  change 
in  an  atrophy  of  their  dentition  due  to  disuse,  and  this 
disuse  was  a  direct  result  of  their  obtaining  an  abun- 
dant supply  of  food  with  little  effort.  The  prehensile 
lip  ser\-ed  as  an  organ  to  gather  the  nutritious  and  suc- 
culent herbs  and  grasses  and  convey  them  to  the  raoutli. 
Once  introduced  into  the  buccal  ca\ity  they  immedi- 
ately underwent  an  easy  mastication  by  the  molar  teeth, 
and  as  grazing  was  not  necessary-  the  anterior  teeth  be- 
came in  time  atrophied,  and  we  have  an  edentate  as  a  H 
final  result. 

The  most  important  changes  in  the  evolution  of  the   I 
megatherium  and  the  mylodon  was  in  the  digital  ex- 
tremities.    The  paleotherium  had  three  hoofed  toes, 
the  other  two  remaining  rudimentary'-     lii  these  two    I 
animals  there  were  three  large  toes  and  one  small  toe 
furnished  with  powerful  claws,  the  fifth  toe  remaining-  \ 
nearly  rudimentary.     Considerable  as  this  change  in  • 
the  form  of  llie  foot  may  at  first  appear,  it  becomes  \ 
quite  simple  when  we  study  it  closely. 

Both   hoofs  and  claws  belong  to  the  tegumentaiy  1 
system,  and  are  developed  from  it.     The  habits  and  I 
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modes  of  life  of  the  paleotherium  were  such  as  to  de- 
velop a  foot  fitted  for  free  locomotion.  He  was  grega- 
rious and  migratory,  and  this  finally  evolved  a  hoofed 
fool  necessary  for  his  special  needs.  The  hard  homy 
hoof  covering  the  extremities  of  his  digits  were  well 
adapted  for  rapid  movements  over  mure  or  less  uneven 
ground,  and  hence  by  the  law  of  use  we  have  a  hoofed 
ibot  specially  developed  and  fitted  for  the  migratory 
nature  of  the  animal.  The  habits  and  modes  of  life 
of  both  the  megatherium  and  the  mylodou  were 
entirely  differe;it.  They  were  sluggish  in  theii  move- 
ments, solitary  in  their  natures,  and  scarcely  if  at  all 
migratorj'.  By  means  of  the  long  mobile,  prehensile 
lip,  they  gathered  and  conveyed  to  the  mouth  the  nu- 
tritious herbs  and  grasses  upon  which  they  fed,  and  in 
consequence  the  anterior  teeth,  being  no  longer  needed, 
finally  atrophied  through  disuse,  and  disappeared.  In 
order  to  reach  the  limbs  of  trees  and  feed  also  upon 
their  tender  foliage,  these  animals  acquired  the  habit 
of  raising  themselves  on  their  posterior  limbs  and 
drawing  the  branches  within  their  reach.  This,  to- 
gether with  the  scratching  and  burrowing  habit  which 
they  possessed  in  a  slight  degree,  led  ultimately  to  the 
pointing  of  the  hard,  horny,  rounded  hoof  into  a 
sharp,  cur\'ed,  homy  claw.  In  this  way  the  change 
from  the  hoof  of  the  paleotherium  to  the  claw  of  the 
megatherium  occurred. 

The  e\'olutiou  of  the  megatherium  and  the  niylodon 
from  a  common  ancestor,  the  paleotherium,  as  we  have 
1,  followed  along  lines  very  closely  parallel.  The 
divergence  was  slight,  and  occurred  during  the  slow 
lapse  of  great  periods  of  time,  and  was  influenced  by 
external  conditions  and  the  transmission  of  like  quali- 
to  favored  successors.      The  general  anatomical 
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structure  changed  but  little,  wliile  the  physiological 
functions  remained  the  same.  These  animals  in  a  lata* 
age  became  in  their  turn  the  progenitors  of  the  modem 
sloths,  that  are  now  found  in  the  tropical  regions  bor- 
dering on  the  Amazon  River  in  South  America. 

The  same  external  conditions  of  abundant  food,  of  a 
warm  and  equable  temperature,  and  immunity  from 
destructive  agencies  that  prevailed  in  the  fertile  r^ons 
of  South  America,  and  that  led  to  the  evolution  of  the 
megatherium  and  the  mylodon,  also  led  to  the  evolu- 
tion and  de\'elopmeiit  of  two  other  forms  of  animal 
organisms  that  made  their  appearance  in  the  Post- 
Tertiary  period.  These  were  the  glyptodon  and  the 
schistopleuron. 

They  were  large  turtle-like  animals,  of  herbivorous 
habits,  and  possessed  mammalian  physiological  func-n 
tions.     They  were  also  edentates  like  their  greater  6 
temporaries.     These  two  animals  could  claim  without 
doubt  as  their  progenitors  the  early  land  tiutles  that 
first  appeared  in  the  Triassic  period  and  reappeared  i 
the  Koceue  period. 

Tliey  were  mammals,  enclosed  in  a  thick   '. 
covering  or  carapace,  which  was  developed  from  t 
highly  vascular  integument. 

In  Fig.  82  we  have  a  view  of  the  schistopleuron. 

By  comparing  this  animal  %vith  the  glj-ptodon,  ■ 
see  the  anatomical  structure  is  closely  similar. 
lines  of  divergence  are  slight,  and  relate  specially  to 
the  arrangement  of  the  plates  of  integument  forming 
the  cuirass,  the  form  of  tlie  tail,  aud  the  development 
of  the  digital  extremities. 

Both  these  animals  were  edentates,  and  the  absence 
of  incisor  and  canine  teeth  is  to  be  explained  from  the 
fact  that  they  were  herbivorous  in  their  habits,  a 
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had  a  mobile  and  flexible  lip  and  elongated  tongue 
which  enabled  them  to  feed  without  effort  on  the  luxu- 
rious herbage  about  them,  and  consequently  the  ante- 
rior teeth  remained  undeveloped. 

The  tails  of  both  animals  were  enormously  developed, 
and  while  this  development  was  doubtless  due  in  part 
to  the  habit  of  rearing  their  bodies  on  their  posterior 
extremities,  and  using  the  tail  to  form  a  tripod  of  sup- 
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port,  it  strongly  recalls  the  powerful  tails  of  the  earlier 
saunans,  and  suggests  the  idea  that  the  great  size  of 
the  tail  was  partly  due  to  the  law  of  transmission  frora 
former  saurian  ancestors. 

The  strong  claw  of  the  anterior  foot  owes  its  develop- 
ment to  the  habit  of  digging  and  scratching  which  the 
I   animal  acquired  in  its  search  ftir  roots  of  plants  for  food. 
Such  organisms  as  the  gl3'ptodon  and  the  schisto- 
pleuron  could  not  be  permanent  or  widely  distributed. 
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They  were  of  an  evanesceiit  or  transitory  type,  and 
having  transmitted  certain  qualities,  which  appeared 
later  in  the  modem  armadillos  and  pangolios,  they 
became  extinct. 

We  find  tlieir  fossi!  remains  differed  in  no  essential 
feature  from  the  type  of  the  order  of  vertebrates.  The 
vertebral  column,  the  bones  of  the  head  and  of  the  ante- 
rior and  posterior  extremities  were  constructed  upon 
the  same  plan,  and  had  the  same  number  of  bones  as 
all  the  other  members  of  the  same  order.  The  differ- 
ences of  size  and  shape  were  only  adaptations  to  meet 
the  special  habits  and  jnodes  of  life  of  the  animal. 
They  were  vertebrated  mammals,  with  a  specialized 
anatomical  form,  but  possessing  regular  physiological 
functions. 

In  several  localities  in  Europe,  in  Asia,  and  especially 
in  the  northwestern  part  of  our  own  country,  there 
have  been  found  the  fos.sil  bones  of  the  Lion,  the  Tiger, 
and  the  Bear,  all  belonging  to  the  Post-Tertiary  period. 
These  animals  greatly  exceeded  iu  size  their  modem 
successors.  They  were  fierce  camivora,  and  found  an 
ea.sy  subsistence  by  preying  upon  their  peaceful  neigh- 
bors. Hence  the  conditions  of  life  were  favorable  to 
a  complete  and  powerful  development  of  these  fierce 
beasts.  There  was  a  very  close  similarity  of  structure 
between  these  three  animal  forms. 

From  llie  observations  I  have  been  able  to  make  (Ml 
their  fossil  remains,  which  have  been  preserved  here 
and  in  England,  I  am  inclined  to  think  that  the  ana- 
tomical differences  between  these  animals  were  very 
slight  in  the  Post -Tertiary  ejxKh. 

The  form  of  the  skull,  the  dentition  relating  lo  the 
development  of  the  strong  canme  tc(.'t!i,  the  small  inci- 
sors, and  the  sharp  cutting  edge  of  the  molar  teeth,  the 
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special  form  of  articulation  of  the  condyle  of  the  lower 
jaw?  preventing  lateral  motion,  the  form  of  the  pelvis, 
and  the  bones  of  both  the  anterior  and  posterior  ex- 
tremities are  all  strikingly  alike.  The  most  marked 
differences  between  the  osteology  of  the  lion  and  the 
tiger,  that  I  have  been  able  to  determine,  were  the 
slightly  greater  size  of  the  scapulae,  and  the  dorsal 
spinous  processes  in  the  former  animal. 

The  anoplotherium  of  the  15ocene  period  seems  to 
have  been,  without  doubt,  the  common  ancestor  of 
these  three  special  animal  forms. 

The  anoplotherium  was    an  herbivora,   while    his 

I  Post-Tertiary  successors,  the  lion,  tiger,  and  bear, 
were  camivora.  The  changes  necessary  to  undergo 
in  order  to  transmute  an  herbivorous  animal  to  a  car- 
nivorous animal  are  botli  anatomical  and  physiological. 
We  ha\'e  already  seen  that  the  dogs  and  hyenas, 
both  of  carnivorous  habits,  were  also  evolved  from  the 
anoplotherium.  But  while  they  were  carnivorous  they 
were  not  predatory  and  destructi\-e.  They  did  not 
kill  other  animals  for  food,  they  only  subsisted  on  ani- 
mals previously  dead.  The  bears  preceded  in  order  of 
evolution  the  lions  and  tigers.  They  slowly  changed, 
and  retained  in  a  partial  degree  herbivorous   habits. 

»In  their  search  for  food  the}'  could  eat  many  vegetable 
substances  as  well  as  animal  flesh,  and  hence  they  are 
not  solely  camivora.  They  developed  canine  teeth, 
and  these,  with  the  molars,  could  cut  and  masticate 
a  mixed  food. 

They   had  a   non -retractile    claw  which  was  only 
fitted  for  digging  and  scratching,   and  could  not  be 
used    for  prehensile  purposes.      They  were  an  inter- 
mediate order  of  evolution  between   animals  strictly 
I  ierbivorous  and  those  strictly  carnivorous. 
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It  is  prtiboble  that  in  the  coarse  of  ages  some  of  thv 
anopk>tberia  developed  3  tendency  to  diverge  in  fc 
and  to  become  more  spectaliied.  Some  of  these  devet> 
oped  a  tendaicy  to  wander  awa>'  and  seek  by  preference 
sandy  and  desert  regions.  A  long  continuance  of  a  life 
in  each  localities,  ine\'it3bly  impressed  a  change  upoo 
the  animal.  The  original  hoofed  foot  slowly  changed 
to  a  cushioned  foot  with  a  muscular  pad  where  it  came 
in  contact  with  the  yielding  sandy  ground.     At  tbe 
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same  time  a  scarcity  of  vegetable  footl  led  the  animal  to 
seek  better  subsistence,  and  this  was  fouiid  in  the  habit 
which  he  gradually  developed  of  seizing  small  prey 
and  feeding  upon  it.  As  this  predatory  habit  increased, 
and  he  had  need  to  hold  as  well  as  seize  his  prey,  the 
canine  teeth,  which  were  a  fundamental  part  of  his  or- 
ganism, became  developed  by  degrees,  until  in  the  Post- 
Tertiary'  age  they  developed  into  sharp  and  powerful 
weapons.  This  great  de\'clopment  of  a  canine  tooth  is 
seen  in  the  fossil  remains  of  mackairodus,  or  sabre- 
toothed  tiger.  This  terrible  caniivor  had  the  superior 
canine  teeth  developed  into  a  sharp- pointed  flattened 
weapon,  like  the  slightly  curved  end  of  a  broad- 
sword. He  followed  the  huge  edentates  to  South 
America  in  their  migrations,  and  the  ungulates  north- 
ward to  Asia  and  thence  to  Europe.  The  cushioned 
foot  of  the  lions  and  tigers  had  five  toes,  while  the  hoof 
of  their  ancestors  had  several  of  the  toes  in  a  rudimen- 
tary state.  But  now  the  new  animals,  imder  a  special 
use,  developed  them  all,  and  the  terminal  ancestral 
hoof  slowly  changed  to  a  sharp  claw.  A  peculiar  con- 
dition of  the  claw  of  the  Felida  i.s  that  it  is  retractile. 
A  special  muscular  apparatus  ^as  at  length  developed 
to  provide  for  this,  and  here  a  tendency  to  develop  a 
special  apparatus  to  meet  a  special  need  was  powerfully 
stimulated  by  the  law  of  use.  As  the  animal  had  need 
of  a  prehensile  claw  to  enable  him  to  seize  living  prey, 
the  terminal  tegnmeiitary  homy  tissue  became  devel- 
oped by  increased  cellular  growth  into  a  sharp  curved 
daw  pointing  downward.  As  the  animal  was  a  true 
digitigrade,  walking  upon  the  lips  of  his  toes,  this  down- 
ward curved  claw  impeded  his  locomotory  movements. 
and  he  made  a  necessary  effort  to  lift  it  up  out  of  the 
■.     By  this  effort  long  continued,  heat  length  de- 
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veloped   an  extensor  musde,   or  bundle  of  muse 
fibres,  out  of  the  digital  extensor  muscles,  which  sen 
to  retract  the  claw  and  conceal  it  by  the  side  of  t 
plantar  cushion  out  of  which  it  grows  by  the  process  0 
cell  elalwration.     This  arrangement  of  curved  cla,l| 
and  retractile  muscle  has  been  transmitted  to  mo< 
species,  and  is  now  seen  in  all  the  genus  Felis. 

It  is  probable  that  all  animals  that  have'successivi 
appeared  upon  the  earth  hj-d  a  uniformly  dtm-colored'* 
skin.     This  appears  to  have  been  the  universal  and 
natural  hue  of  the  skin  before  hair  or  fur  was  developed. 
And  in  later  ages  when  hair  appeared  upon  the  skins 
of  animals,  it  had  the  same  dun  color.     Most  feral  a 
some  domestic  animals  still   preserve  the  same  hm 
The  colors  and  markings  of  some  modem  animals  a 
due  to  chmatic  influences,  and  to  what  is  called  mimit 
ry,  which  gives  rise  to  the  formation  of  special  pigmei 
cells  in  the  hair  follicles  of  the  skin. 

This  uniform  duu  color  prevailed  among  the  earliest 
saurians.  and  has  contiimed  to  l)e  almost  uninterrupt- 
edly a  standard  type  of  hue  among  most  of  the  auimalfi 
that  have  since  appeared  upon  the  earth.  Even  E 
ern  animals  with  brightly  colored  hair  have  the  ilA 
tissue  dun-colored. 

Birds  were  also  found  in  considerable  numbers  in  the 
Post -Tertiary  period.  Among  them  was  one  of  gigantic 
size,  tlie  Dinomis.  This  was  a  sort  of  ostrich,  and 
from  the  few  bones  that  have  been  foimd  in  South 
America,  in  our  own  country  and  in  Europe,  it  is  prob- 
able that  he  was  an  animal  bearing  some  resemblance 
to  both  a  stork  and  an  ostrich.  The  bones  are  of  g; 
size.  The  tibia  of  one  measured  three  feet  in  let 
while  the  extremely  elongated  growth  of  his  f 
cervical    vertebrie   gave    his  neck    an  exlraord 
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mgth.    He  was  probably  the  progenitor  of  the  modem 

Btrich  and  of  the  storks  and  Eamingoes. 
I  Other  forms  of  Post- Tertiary  auinials  besides  those 
K>ve  mentioned  lived  and  flourished  in  great  numljers. 

•he  rodents,  as  the  Beaver,  Otter,  Squirrel,  and  Rat, 
congenial  habitat  over  widely  scattered  areas. 

Ul  these  special  forma  of  life  are  variations  from  one, 
Bie  beaver  of  the  Tertiary  period.  This  animal  has  the 
il  characteristic  of  being  able  to  gnaw  woody  fibre 
by  means  of  a  peculiarly  developed  inci.sor  tooth.  The 
animal,  an  herbivor,  found  a  delight  in  gnawing  the 
limbs  and  trunks  of  trees  and  shrubs,  partly  for  food, 
and  partly  to  construct  a  place  of  refuge  from  his  ene- 
mies. To  do  this,  he  must  use  his  incisor  teeth,  which 
up  to  this  time  were  simple  teeth  used  only  to  cut  or 
incise  the  simplest  substances.  Now  under  the  stimu- 
lus of  a  new  use  to  meet  a  special  need,  an  increased 
vascularity  of  the  part  is  set  into  activity,  and  a  new 
growth  of  the  root  of  the  tooth  is  developed.  Coinci- 
dently  with  this  is  a  new  development  of  the  lower  jaw 
to  accommodate  the  new  tooth.  The  act  of  gnawing, 
long-continued,  gives  to  the  tooth  a  cur\'e  to  meet  its 
fellow  of  the  other  jaw,  and  we  finally  have  a  long 
deep-set  tooth  capable  of  grow"ing  from  the  matrix  and 
renewing  itself  as  it  is  worn  at  the  point. 
All  the  rodents  possess  this  special  form  of  tooth. 
In  the  Post-Tertiary  period  the  evolution  of  the  true 
horse  occurred.  We  have  already  seen  that  the  first  of 
the  horse-like  animals,  the  eohippus,  appeared  in  the 
Eocene  period.  It  was  a  small  animal,  no  larger  than  a 
fox,  and  had  four  toes  on  each  fore-foot  and  tliree  toes 
behind.  In  seems  very  probable  that  the  anoplotherium 
of  the  early  Eocene  age  was  his  progenitor.  Following 
f  him  in  point  of  evolution  and  higher  development  came 


3'4 


The  Evolution  of  Life. 


the  orohippus  and  the  epihjppus.  In  the  succeeding 
Miocene  period  the  mesohippus  appeared,  the  nest 
later  atid  the  next  higher  horse-like  animal.  Miohip- 
pus  came  after  him,  still  more  specialized  ill  his  ana- 
tomical growth.  These  two,  in  the  horse-Hke  series, 
filled  the  gap  iu  ihe  Miocene  age,  but  in  the  Pliocene 
age  a  still  higher  form  appeared  upon  the  scene— the 
protohippus.  He  had  three  toes  on  each  foot,  and  he 
was  nearly  as  large  as  a  donkey  in  size.  From  this 
time  forward  the  evolution  of  these  horse-like  creatures 
was  rapid,  for  at  the  close  of  the  PUoceue  period  we 
find  another  form,  with  a  single  toe  only,  the  others 
being  mideveloped  and  rudiraentarj'.  This  was  the 
pliohippus.  During  the  succeeding  ages  he  gradually 
changed  and  reached  a  point  of  more  perfect  anatomi- 
cal development  until,  in  Ihe  dawn  of  the  Post-Tertiaiy 
age,  the  true  horse  emerged,  and  the  long  line  of  equine 
evolution  is  complete.  Our  great  western  countrj-,  bor- 
dering on  that  region  where  tlie  Rocky  Mountain  range 
now  stands,  was  the  original  home  of  the  horse  and  his 
predecessors,  Ailer  his  e\'o!ution  was  complete,  and 
he  became  a  highly  developed  animal  of  special  form 
and  great  speed,  he  migrated  to  the  north,  across  Ihe 
bridge  of  laud  where  Behring  Strait  now  is  into  Asia, 
where  for  ages  he  lived  in  a  feral  state.  He  also 
migrated  to  the  south,  probably  along  the  highway  of 
Darien's  Isthmus,  until  he  reached  the  almost  limit- 
less pampas  of  South  America,  and  here  he  roamed  Bt  | 
will  until  the  evolution  of  an  animal  that  appeared  il 
a  later  age,  put  a  bit  iu  his  mouth,  and  scarred  his  flar 
with  an  iron  spur. 

In   his  own  land  he  became   extinct,    and   Noi 
America  was  without  the  horse  until  he  was  re-intr 
duced,  in  a  modem  age,  by  a  race  of  biped  auimal!^fl 
not  strictly _^ra/,  but  far  more  ferocious. 
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n  Fig.  8;  J  we  see  the  various  steps  in  the  evolution 
the  horse. 

I  the  Yale  Museum  at  New  Haven,  Conu.,  are 
my  beautiful  specimens  of  fossil  polydactyl  horses. 

"  t^^t  I™  !«■    mX,'   M?.r." 
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Ifwe  take  a  general  view  of  the  fartli  in  the  Post- 
Tertiary  period  we  shall  see  that  the  outlines  of  the 
great  continental  areas  have  undergone  but  compara- 

ely  slight  changes  from  the  preceding  ages. 
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The  great  mountain  systems  are  completed.  No 
new  upheavals  of  any  importance  have  occurred.  The 
Andes,  the  Rocky  Mountains,  the  Himalayas,  and  the 
other  ranges  of  lesser  altitude  and  extent  remain  tran- 
quil and  unchanged,  except  the  inevitable  erosion  from 
wind,  snow,  and  rain.  The  lofliest  of  these  uplifted 
masses  bear  to  the  mass  of  the  earth  itself,  as  we  haw 
already  seen,  tlie  proportion  of  a  marrowfat  pea  to  a 
fifteen-inch  globe,  a  size  that  is  inappreciable  when 
viewed  from  a  considerable  distance. 

The  Post- Tertiary  age  was  eminently  the  era  of  the 
great  river  systems  of  the  earUi.  These  river  systems 
owe  their  existence  to  the  great  mountain  systems.  As 
the  great  mountain  ranges  of  the  earth  were  completed 
in  tliis  period,  so  the  great  rivers  became  completed 
also.  I 

In  North  America  the  St.  Lawrence  River,  the  Hu^^H 
son,  Mississippi  and  Missouri,  the  Ohio,  the  Coloradfl^^ 
with  its  mighty  canon,  and  the  Columbia  attained  to 
nearly  their  present  dimensions. 

In  South  America  the  Magdalena,  the  Orinoco,  the 
Amazon,  the  La  Plata,  and  the  Negro  became  the  great 
watercotirses  as  we  now  see  them. 

In  Europe  the  Rhine  and  the  Danube.  In  Asia  the 
Indus,  the  Ganges,  the  Yang-tse-Kiang,  and  tlie 
Amoor,  In  Africa  the  Nile  and  the  Congo  all  reached 
in  that  age  the  condition  nearly  as  we  now  see  them. 
While  these  great  rivers  have  undergone  some  changes 
due  to  riparian  erosion,  and  the  cutting  down  of  rocky 
beds,  as  well  as  the  fomjation  of  deltas,  their  course 
and  general  direction  have  been  remarkably  stable 
throughout  the  ages.  The  special  reason  for  the  for- 
mation of  these  great  rivers  was  tlie  great  elevation  of 
the  mountain  ranges.     Their  lofty  summits  reached  £| 
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into  the  regions  of  perpetual  cold  and  acted  as  a  bar- 
rier to  intercept  the  moisture-laden  winds  from  the 
oceans.  This  moisture,  being  forced  upwards,  was 
precipitated  upon  the  mountain  tops  in  the  form  of 
snow  and  rain.  The  long,  sloping  sides  of  the  moun- 
tains caused  the  rains  and  melting  snows  to  form  into 
rills  and  rivulets,  and  these  uniting,  ultimately  formed 
the  great  rivers  that  found  at  length  their  way  back  to 
the  sea. 

The  rays  of  the  sun,  the  cold  and  lofty  moinitain 
summits,  and  the  sloping  mountain  sides  were  the 
cause  of  the  formation  of  the  great  rivers  of  the 
earth. 

The  flora  of  the  Post-Tertiary  period  presents  many 
forms  of  plant,  shrub,  and  tree  that  gladden  our  own 
landscape.  In  the  plant  world,  as  in  the  animal  world, 
we  see  hues  of  descent,  or  t>-pes,  where  plants  have 
developed  along  lines  very  closely  parallel. 

In  that  age  flourished  the  pine,  fir,  spruce,  hemlock, 
and  cedar  belonging  to  the  conifers  of  the  Carbonifer- 
ous age.  There  were  the  oak,  ash,  beech,  maple,  and 
birch  of  closer  grain  and  more  compact  woody  texture, 
owing  to  the  influence  of  dryer  air  and  soil  and  clear 
sunlight,  giving  greater  cell-growth.  Among  flowers 
have  been  found  the  Rose,  which  afterwards  developed 
into  the  Strawberry,  and  later  still  into  the  Apple, 
forming  the  beautiful  and  useful  order  of  the  Rosacese 
or  roseworts.  Many  other  forms  of  plant  life  have 
been  found,  showing  that  climate  influences  were  as 
favorable  to  the  development  of  plant  life  as  to  animal 

»  While  the  great  continental  areas  of  the  earth  became 
mpleted  in  their  extent  in  the  Post-Tertiary  period, 
d  the  mountains  reached  their  loftiest  heights,  while 
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the  rivers  channelled  their  way  to  the  sea,  and  the  land 
everywhere  was  ornamented  with  flower,  tree,  and 
forest,  the  grandest  climax  of  all  was  the  culmination 
of  the  great  types  of  mammallau  life.  We  have  al- 
ready seen  how  exceedingly  favorable  the  coiiditious 
of  life  were  to  the  development  of  the  greatest  forms 
of  animal  organisms.  During  that  age  the  whole 
eartli  formed  a  congenial  habitat  to  the  vast  num- 
bers of  animals  that  freely  roamed  at  will  ov-er  its 
entire  extent.  The  food  found  everywhere  so  abun- 
dantly was  the  chief  cause  in  producing  animals  of 
such  large  size.  In  proportion  as  food  was  ample, 
nutritious,  and  easily  obtained,  cell  proliferation  was 
rapid,  and  anatomical  growth  augmented.  And  these 
conditions  being  present,  the  long  ages  of  the  Post- 
Tertiary  period  saw  the  highest  development  of  animal 
life  that  has  ever  appeared  upon  the  earth. 

The  camivors,  the  herbivors,  the  edentates,  and  the 
marsupials  ran  a  sort  of  luxuriant  riot,  and  under  such 
favoring  influences  became  exceedingly  numerous  and 
attained  an  enormous  size.  The  vast  and  rich  pastu- 
rages of  the  earth  fairly  swarmed  with  these  gigantic 
animal  organisms.  As  the  ages  of  the  Post- Tertiary 
period  drew  to  a  close,  and  the  first  gray  dawn  of  the 
succeeding  age  tinted  the  geological  horizon,  a  selection 
of  habitat  h&gaa  to  appear  among  the  various  tj-pes  of 
animal  life. 

The  marsupials  found  life  congenial  in  the  almost 
limitless  expanses  of  what  is  now  know  as  Australia. 
and  the  subsequent  isolation  of  that  nearly  continental 
area  by  the  breaking  up  into  islands  of  the  land  inter- 
vening between  that  and  the  mainland  of  what  is  now 
Asia,  has  served  to  perpetuate  to  our  own  time  those 
interesting  animals  that  stood  in  the  Jurassic  period  as 


J  link  between  the  great  herbivorous  sau- 
i  and  the  next  succeeding  anima!  form — namely, 

s  mammals. 

The  edentates  found    a  congenial    habitat  in    the 

^boundless  pampas  of  South  America.     Here,  amid  a 

r  ne\'er  failing  supply   of  rich   food,   these  ponderous 

animals  underwent  the  transmutations  so  peculiar  to 

their  special  anatomy. 

North  America,  stretching  away  so  magnificently 
from  the  Mexican  Gulf  to  the  North  Pole,  across  the 
arctic  islands  into  Northern  Asia,  then  basking  under 
a  perpetual  summer  sun,  afforded  ample  and  generous 
pasturage  to  vast  herds  of  herbivorous  animals  that 
wandered  free  and  uncontrolled  over  those  immense 
extents  of  wood  and  prairie,  where  every  favorable 
element  combined  to  produce  those  ponderous  animal 
organisms. 

Asia,  affording  almost  half  of  the  dry  land  of  the 
earth,  gave  an  agreeable  refuge  to  hosts  of  fierce  and 
predatory  carnivorous  beasts,  who  attained  an  astonish- 
ing anatomical  size  by  fattening  upon  defenceless 
neighbors.  The  immen.se  and  sequestered  regions  of 
Central  and  Southern  Asia,  with  its  desert,  wood,  and 
jungle,  seems  to  have  been  a  favorite  hunting-ground 
for  these  dangerous  beasts  who  delighted  to  prey  upon 
living  animals. 

This  selection  of  habitat,  which  characterized  the 
later  ages  of  the  Post-Tertiary  period,  has  come  down 
to  our  own  time,  and  we  find  in  the  present  age  the 
same  forms  of  animal  life  occupying  the  same  conti- 
nental areas. 

As  the  Post-Tertiary  age  drew  to  a  close,  the  great 
animal  types  that  were  so  distinctive  and  characteristic 
f  it  gradually  passed  away  and  became  extinct.   None 
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of  those  huge  and  exuberant  animal  forms 
The  great  fossil   cemeteries  of  Asia,   Europe,  Noi 
America,  and  South  America  yield  us  their  bones, 
from  these  we  read  the  interesting  and  unerring  st< 
of  their  evolution  and  their  life. 

Science  has  reconstructed  these  animals  firom  t 
perfect  fossil  remains,  and  restored  their  outlines, 
we  can  read  as  from  a  book  the  course  of  their  ev 
tion  from  preceding  forms,  their  habits  aud  modes 
life,    their  transmission  of  character,  and  their  final 
extinction,  with  the  greatest  clearness  and  precision. 

Their  history  lies  before  us  like  an  open  book,  and  as 
we  turn  its  geological  leaves  we  read  the  whole  story 
of  the  immense  past  with  clearness  and  certainty. 

Most  of  the  forms  of  moUnscan  life  that  flourished 
in  the  Post-Tertiary  period  have  survived  to  our  oi 
time,  and  are  found  upon  the  earth  to-day. 

Finding  their  habitat  chiefly  in  the  sea,  they  hai 
escaped  the  destructive  influences  of  changes  of  le' 
of  the  surface  of  the  land,  and  have  escaped  also 
influences  of  a  change  in  climate. 


THE  GLACIAL  EPOCH. 


During  the  Tertiary  period,  and  extending  into  the 

Post-Tertiary  period,  several  oscillations  of  level  oc- 
curred over  a  part  of  some  of  the  continental  surfaces. 
According  to  the  best  geological  data,  these  changesof 
level  principally  occurred  in  the  northern  part  of  Noi 
America,  in  the  great  Arctic  Archipelago,  and  on 
borders  of  Northern  Asia.  The  change  consisted  of^ 
an  upward  movement  of  the  earth's  crust,  followed  by 
some  partial  subsidences,  and  again  an  upward  move- 
ment.    The  cause  of  these  oscillations  of  level  of  thc< 
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i's  crust  was  the  operation  of  internal  terrestrial 

J  acting  with  sufficient  power  to  raise  or  depress 

according  to  the  activity  of  the  force. 

A  rise  of  level  of  a  continental  stirface  would  exert  a 

powerfnl  influence  upon  its  temperature,  and  when  this 

^ise  of  level  amounted  to  even  a  few  thousand  feet  the 

■Bed  would  be  strongly  felt. 

B  We  have  seen  that  at  this  particular  period  all  the 
^ivat  mountain  systems  of  the  earth  were  completed. 
They  had  reached  their  loftiest  altitudes,  and  had 
penetrated  into  the  regions  of  perpetual  cold.  While 
their  summits  were  suow-clad,  their  sides  and  bases 

Estill  within  a  range  of  temperature  fitted  to 
rt  a  luxuriant  vegetation. 
he  coiu^e  of  time,  however,  these  lofty  mountain 
summits  exerted  an  influence  upon  the  temperature  of 
their  immediate  vicinities.  The  winds,  laden  with 
moisture  from  the  sea,  were  carried  along  towards  these 
mountain  barriers,  and,  being  intercepted  in  their 
course,  were  forced  upward  into  regions  of  severe 
cold.  Here  the  moisture  was  condensed,  and  fell  in 
the  form  of  snow  upon  their  summits.  The  snow- 
covered  peaks  lying  above  the  perpetual  snow  line 
exerted  a  cooling  influence  upon  the  air  about  them, 
and  this  influence  was  most  strongly  marked  in  the 
higher  northern  latitudes.  The  mountains  nearer  the 
equator  exerted  a  less  powerful  cooling  influence. 

During  the  later  ages  of  the  Post- Tertiary  period  the 
eootinginfluenceof  the  northern  mountains  was  strong- 
ly felt,  and  at  length  a  distinct  climate  was  produced  in 
e  regions  bordering  upon  the  Arctic  Archipelago, 
tie  rise  of  level  of  the  surface  of  those  regions, 
Inch  geological  researches  have  demonstrated,  was 
Scient  to  induce  heavy  snowfalls,    and   at   last  a 
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perpetual  winter  set  in,  which  has  continued  i 
own  time. 

This  arctic  winter,  with  its  deep  and  continuoos 
anows  and  severe  cold  extending  over  a  great  area 
where  once  great  herds  of  animals  found  a  rich  pastu- 
rage, was  very  destructive  to  animal  life,  and  exerted 
besides  a  ver>-  powerful  influence  in  the  geographical 
re-distribntion  of  that  animal  life. 

Many  forms,  aa  the  mammoth  and  the  mastodon, 
perished ;  other  forms,  as  the  camivora.  who  delight 
in  a  warm  climate,  were  driven  to  more  southerly 
latitudes,  until  in  Soulheni  Asia  and  Africa  they  found 
a  congenial  temperature.  Here  the  conditions  of  life 
were  less  favorable  to  them. 

So  many  great  herbivorous  animals  upon  which  they 
had  preyed  for  countless  ages  having  been  destroyed  in 
llie  severe  cold,  they  found  food  less  abundant  and  more 
difficult  to  obtain,  and,  by  a  reversal  of  (he  law  Uiat  led 
to  their  enormous  development  through  abundant  and 
easily  obtained  food,  they  slowly  undenwiit  a  retro- 
grade change  until  tliey — by  a  pnscess  of  cell-atrophy, 
or  non -development  through  lesser  nutrition — reached 
the  lesser  size  that  they  now  preseuL 

This  is  the  reason  that  the  liou,  tiger,  panther,  bear, 
and  hj-eiia,  that  were  so  greatly  developed  anatomically 
in  the  Post-Tertiar>-  period,  became  smaller  in  size  in 
the  Quaternary  age. 

They  fbllo«ed  a  simple  but  retrograde  law  that 
harder  couditions  of  life,  where  the  struggle  for 
existeuce  is  greater,  cause  a  less  rapid  cen-devel<^ 


meat  and  growth,   and. 


the  < 


atrophy  of  anatomical  organs. 


THK  POST-TERTIARY    PERIOD:— THR    ACE  OP 
MODERN   FORMS   OF   LIFE. 

The  Qualemary  period — Rfsumf  of  Ihe  origin  of  life — Forma- 
tion of  permanent  climates— Distribution  of  groups  of 
nnimals  ^  Sloths —  Armadillos  —  Pangolins —  Ai— Unau — 
Puma  —  Sheep  —  Llama  —  Guanaco  —  Ostriches  —  Emus  — 
Slorks — Cassowaries  —  Iloa^ — Alligators — Toucans — Parrots 
—  Hamming-birds  —  Prehensile-tailed  apes —  Howlen;  — 
Spider  monkeys— Barrigudo — Cai — Marmosets — Tamarina 
— Condor — ^ Insect  life—  Bees — Wasps  —  Ants  —  Beetles  — 
Hornets — Flies — Foraging  ants  —  Peccary — Tapir^ White- 
lipped  peccary — Capybara — Wild  boar— Bats — Bisoim — Yak 
Anoa  —  Giraffe  —  Antelopes  —  Rumination  ■ —  Musk-ox  — 
Prong-hom  antelope— Elk — Deer  — Wolves — Foncs — Jack- 
als—  Dogs  — Gray  wolf — Coyote  ^  Bears — Polar  bear  — 
Varieties  of  tiears  —  Beaver  —  Muat-rat  —  Prairie-dog  — 
Striped  gopher  —  Hare. 

In  the  preceding  chapters  we  have  passed  in  review 
Oie  more  important  phenomena  in  the  evolution  of  life 
Ciat  have  occurred  upon  the  earth.  These  phenomena 
are  the  origin  and  progress  of  life,  and  the  successive  ge- 
ological changes  that  have  occurred  in  the  earth's  crust. 

We  have  seen  that  the  peculiar  vital  principle  we 
call  life  had  its  origin  in  a  little  mass  of  albuminous 
protoplasm — a  cell — which  was  formed  by  the  traion  of 
certain  simple  elements,  under  the  influence  of  chemical 
energy  or  force,  which  acted  upon  those  elements  in  the 
quiet  waters  of  the  Siliman  seas. 
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This  little  protoplasmic  cell  had  the  power  develoi 
within  itself  to  divide  into  other  cells  and  of  t^ansnlifc^ 
ting  to  them  the  same  power  of  subdivision.     It  hadi 
also  the  further  power  of  nutrition  and  growth.     Thes 
little  cells  soon  acquired  another  power — that  of  aggre-a 
gating  into  masses  and  of  developing  a  tendency  foci 
some  of  them  to  do  a  special  thing,  and  under  the! 
influence  of  this  tendency  to  take  upon  themselves  al 
certain  kind  of  work,  and,  b>'  a  physiological  divisiool 
of  labor,  to  become  organized  bodies  of  more  complex 
structure  and  of  higher  powers. 

In  this  way  life  first  appeared  upon  the  earth. 

We  have  already  admitted  this  view  of  the  origin  ofl 
life  as  scientific  and  correct,  and,  having  once  admitted'! 
it  and  accepted  it  as  a  truth,  we  can  go  on  and  explai 
the  evolution  aud  development  of  all  the  forms  of  li 
that  ha\'e  successivelj-  appeared  upon  the  earth  from! 
^e.  first  ail  up  to  man.     We  have  seen  that  the  fiist^ 
simple  animals  composed  of  a  single  cell  were  followed 
by  those  composed  of  groups  of  cells,  which  attached 
themselves  to  the  rocks  by  a  footstalk.     From  these 
groups  came  sponges,  the  lingula,  aud  the  early  cms-  a 
taceans.     The.se  again  were  succeeded  by  strings  dtm 
cells,  from  which  were   evolved  the   marine  wort 
having  a  free  and  independent  movement  in  the  wateri^ 
The  Silurian  age  was  the  scene  of  evolution  of  thea 
earliest  forms  of  life,  and  they  were  all  simple  t 
lowly  organisms. 

In  the  succeeding  era,  the  Devonian  age,  we  se 
higher  step  in  the  scale  of  life,  the  evolution  of  fishes 
the  first    of   the  \-ertebrates.     In  the  following  i 
reptilian  life  appeared,  and  the  primitive  seas  swan 
with  those  huge  and  strange  appearing  monsters, 
intermediate  form  of  animal  life  followed  the  t 
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id  connected  them  with  the  mammals.  These  were 
|tiie  marsupials.  From  them  came  the  evolution  of  the 
true  mammals.  During  all  this  great  lapse  of  time — 
the  flight  of  these  countless  ages— the  earth  itself 
underwent  important  changes  of  extent  of  area,  of 
level,  and  of  the  appearance  and  evolution  of  vegetable 
life,  and  became  more  completely  adapted  to  support 
animal  life.  As  the  atmosphere  became  clearer,  and 
the  land  area  greater,  and  vegetation  more  abimdant, 
animal  life  evolved  more  rapidly  and  advanced  to  a 
higher  grade  of  development  and  diverged  from  origi- 
nal tj-pes.  No  important  advance  could  take  place  in 
the  development  of  the  higher  fonas  of  life  unless  the 
earth  itself  advanced  and  provided  a  fitting  habitat  for 
these  higher  forms.  The  evolution  of  tlie  earth  and 
the  grott-th  o^ plant  life  mu-st  precede  the  evolution  aud 
growth  (A  animal  life. 

Before  mammals,  with  warm  blood  and  air-respiring 
lungs,  could  live,  the  earth  must  furnish  an  atmosphere 

pure  air,  and  also  proper  nourishment  for  the  sup- 
of  animal  life,  and  hence  followed  terrestrial 
changes  which  made  the  earth  a  fitting  abode  for  the 
most  advanced  forms  of  animal  life. 

Until  within  a  comparatively  recent  period  the  whole 
earth  furnished  an  agreeable  dwelling-place  for  great 
ibers  of  animals  of  large  size,  and  of  species  now 
'tinknown  to  us.  A  warm  temperature,  abundant  food, 
and  freedom  of  migration  were  favorable  conditions 
ibr  the  evolution  of  the  higher  forms  of  animal  life. 
We  find  these  higher  forms  widely  distributed,  from 
the  southern  capes  of  South  America,  of  Africa  and  of 
Asia,  to  the  north  pole.  Ever>'where  they  enjoyed  all 
the  conditions  that  favored  the  highest  development 
and  growth  of  anatomical  structure. 
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These  conditions  continued  until  in  the  Post-Tertiary 
period  animal  life  reached  its  highest  point  of  evolution 
and  development.  The  mammals  of  that  age  reached 
a  degree  of  anatomical  growth  that  made  them  the 
giants  of  the  aucient  animal  world.  They  were  indeed 
the  raonarchs  and  masters  of  the  earth. 

At  last  a  change  came.  The  northern  regions  of  the 
earth,  that  had  so  long  basked  under  a  continual  sum- 
mer sun  and  gave  sustenance  to  myriads  of  great  mam- 
mals, now  became  buried  under  a  vast  layer  of  snow 
and  ice,  and  the  Glacial  period  became  a  great  sepul- 
chre for  millions  of  organisms  that  were  a  short  while 
before  instinct  with  life. 

This  period  of  destructive  cold  changed  the  fece  of 
the  northern  regions  of  the  earth,  and  caused  a  migra- 
tion to  warmer  zones  of  many  animals  that  formerly 
found  a  home  there. 

Many  others  found  a  grave  in  the  icy  shroud  thai 
covered  the  land,  and  ultimately  became  extinct. 

After  the  Glacial  period  had  passed  away  and  the 
limits  of  cold  had  been  fixed  in  the  northern  latitudes, 
the  earth  entered  upon  the  phase  of  its  existence  as  we 
see  it  now,  with  its  climates  and  seasons,  and  its  zones 
of  varj'ing  temperature.  The  more  torrid  regions  were 
now  fixed  permanently  near  the  centre  of  the  earth's 
surface.  To  the  far  south  lay  vast  wastes  of  ocean, 
whose  polar  waters  were  locked  in  icy  fetters.  To  the 
far  north  the  archipelago  of  the  arctic  islands  were 
buried  under  a  mantle  of  snow  forbidding  the  approach 
of  animal  life. 

The  temperate  and  torrid  regions  alone  gave  a  habi- 
tat to  animal  organisms.  Under  these  new  climatic 
conditions  groups  of  animals  began  to  arrange  them- 
selves permanently  in  .special  localities,  some  seeking 


the  more  torrid  zones,  as  the  camivora,  others  preferring 
the  cooler  latitudes,  as  the  herbtvora.  In  South  America 
the  great  edentates  of  the  Post-Tertiary  period  now 
became  extinct,  and  in  their  place  the  sloths  appeared. 
It  is  probable  that  the  modern,  sloths  that  now  inhabit 
the  great  forests  Iwrdering  on  the  Amazon  River  are 
evolved  from  the  megatherium  and  nij-lodon. 

This  is  true  also  of  the  Armadillos  and  the  Pan- 
golins. 


■QROUP  OF  MODERN  3LOTHB. 


I  The  sloths,  armadillos,  and  pangohns  are  edentates 
Ike  their  progenitors.  They  have  thick  cuirassed 
3  and  long  curved  claws.  While  they  retain  many 
incestral  traits,  and  hAve  undergone  but  slight  changes 
k'JQ  development,  they  are  more  advanced  in  some  spe- 
rial  characteristics. 

The  Post-Tertiary  edentates — the  megatherium  and 
^e  mylodon — ^were  animals  of  great  size  and  lived  on 
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the  ground.  The  modem  sloths  are  arboreal  in  thai 
habits,  living  almost  wholly  among  the  branches  of  ■ 
trees.  They  are  much  smaller  in  size,  and  their  long 
cur\'ed  claws  are  admirably  adapted  for  tbeir  special 
mode  of  life. 

In  Fig.  83  we  see  a  group  of  these  animals.  There  ait 
at  present  two  species  of  sloth.  The  three-toed  sloth,  or 
the  Ai,  and  the  two-toed  sloth,  or  Unau.  The  other 
points  of  difference  are  very  slight  and  in  both  these 
species  the  remaining  bones  of  the  toes  are  rudimentary. 

These  animals  clearly  point  to  a  retrograde  dei-el- 
opnient  in  mammalian  life.  Most  of  the  animals  of  the 
Quatemarj-  period  show  a  retrogression  in  evolution. 

Ill  the  Post-Tertiary  period  mammalian  life  reached 
its  climax  in  size  and  niunbers.  The  whole  earth 
teemed  with  exuberant  life.  All  animal  organisms 
far  exceeded  in  their  development  any  that  have  since 
appeared.  After  the  subsidence  of  the  Ice  age,  and  the 
earth  bad  assumed  its  present  aspect,  a  retrograde  move- 
ment was  seen.  Great  areas  of  the  earth,  where  once 
were  fertile  pastures,  now  became  arid  or  frozen  regions 
incapable  of  supporting  life.  Foo<l  was  less  abundant, 
climates  were  severe,  and  forced  animals  into  more 
restricted  areas,  destructive  enemies  were  closer  at 
hand,  and  these  harder  conditions  made  life  more 
difdcult,  and  in  proportion  as  life  was  less  luxuriant 
and  harder  to  defend  and  maintain,  development  was 
less  rapid,  until  finally  a  retrogression  was  observed. 

This  retrogression  in  point  of  anatomical  growth  is 
clearly  seen  when  we  compare  the  sloths  of  South 
America  with  their  great  ancestors,  the  megatherium 
and  the  mylodon.  The  sloths  are  edentates  like  their 
progenitors,  but  are  a  degenerate  race  in  point  of 
evolution. 


A  fiirther  instance  of  this  degeneration  of  species  is 
seen  in  the  armadillos.  They  are  edentates  that  ap- 
peared in  the  Quaternary  period,  and  are  without  doubt 
descendants  of  the  schistopleuron  and  the  glyptodon  of 
a  previous  age. 

The  cuirassed  plates  of  integument,  the  edentate 
maxillary  bones,  and  the  special  development  of  strong 
sharp  claws  closely  connect  them  with  the  Post-Terti- 
.  ary  species. 


Fro.  M.-OnEAT  AfllUDILLO. 

There  is  a  very  close  parallelism  of  stnicture  and 
development    between    the    schistopleuron     and    the 
modem  armadillo. 
I,       We  see  this  modem  animal  in  Fig,  84. 
I     The  Pumas  of  South  America  are  a  lesser  develop- 
rmeut  of  the  great  Felida.  the  lions  and  tigers  of  the 
Post-Tertiary  period.     They  axe  not  numerous,  owiug 
to  the  harder  conditions  of  life  they  now  encounter. 

We  have  seen  that  the  xiphodon  of  the  Eocene 
period  ranked  as  the  progenitor  of  many  later  fonns 
of  animal  life.  Among  these  divergent  forms  are  the 
deer,  elks,  camels,  giraffes,  and  the  sheep,  goats,  llamas, 
md  guaoacos. 
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All  these  animals  have  followed  their  di\'er^ng 
lines  of  evolution,  in  the  Post-Tertiary  and  Quater- 
nary periods,  and  have  continued  to  our  own  lime. 
The  vast  plains  of  ChiU  and  Patagonia  fiimish  a 
pasturage  for  great  numbers  of  these  goat-like  ani- 
mals, and  at  the  present  time  they  are  still  to  be 
found  there. 

The  sheep,  llama,  and  guanaco  are  very  numero 

The  Guanaco  is  the  largest  of  these  llama-lita 
animals  now  found  there. 

In  Fig.  85  we  see  this  animal  with  his  great  enen 
the  puma. 

The  guanaco  is  a  larger  development  of  tlie   1 
scendants  of  the  xiphodon  under  the  favoring  condj 
tioiis  tijat  prevailed  in  the  Post-Tertiary  period. 

They  are  now  rapidly  undergoing  complete  extiiif 
tion,  and  will  soon  disappear, 

I  saw  numbers  of  them  in  Southeni  Patagonia,  1 
on  the  shores  of  the  Straits  of  Magellan.  Being  t 
used  to  the  sight  of  man  they  were  fearless,  and  qui 
docile  in  their  manner,  approaching  to  within  a  f 
yards  of  us,  and  slowly  retreating  as  we  went  towai 
them. 

As  our  steamer  sailed  through  the  eastern  part  of  tl 
Straits  of   Magellan,   the  guanacos,   accompanied  by 
numbers  of  ostriches,  ran  along  the  bank  endeavoring 
to  keep  pace  with  us,  stopping  now  and  then  to  gaze 
curiously  at  us,  and  then  following  on  again. 

Ostriches  in  considerable  numbers  still  inhabit  the 
plains  of  Southern  Patagonia.  They  differ  slightly 
from  those  found  in  Africa,  in  having  coarser  feathers, 
but  tile  evolution  of  both  is  the  same. 

Tliey  have  followed  the  same  line  of  development  as 
all  the  other  long-legged  birds,  the  Dinomis  of  t 
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■iQuatemar>-  period,  and  the  storks,  emus,  and  casso- 
|waries  of  more  recent  times. 

As  we  approach  the  torrid  regions  bordering  on  the 
1  River,  we  find  a  multitude  of  forms  of  life  of 

at  variety. 


e  we  see  great  serpents  that  have  descended  from 


Che  Tertiary  period,  the  most 


being  the  b 


In  Fig.  S6  we  have  a  good  vie\v  of  one  of  these  scr- 

Bpects.*   I  have  seen  them  many  times  in  the  forests 

sar  Para,  and  farther  up  the  Amazon  River,     In  these 
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E  forests,  which  extend  for  htindreds  of  miles,  are 
immense  numbers  of  different  forms  of  animal  life. 

The  shores  of  the  Amazon  abound  with  huge  alli- 
gators. Xow  and  then  a  puma  comes  to  the  water's 
edge  to  slake  his  thirst.     Great  numbers  of  toucans 


< Rhampkastida )  tenant  these  great  woods,  and  wagel 
a  destructive  war  upon  their  neighbors. 

A  great  varietj'  uf  Parrots  are  also  found  there,  tiioraJ 
than  thirty  s]>ccies  having  been    studied.     The  moe 
comjnon  variety  found  there,  and  that  I  have  been  a 


to  study,  is  the  Amazon  parrot  (  Chrysoiis ) .  This  bird 
is  found  very  extensively  in  the  Amazon  forests.  I 
have  seen  them  also  on  the  Orinoco  River,  and  in  the 
woods  bordering  the  Rio  Magdalena,  and  on  llie  Isth- 
mus of  Panama,  where  they  are  found  in  considerable 
numbers. 

Throughout  Brazil  are  vast  numbers  of  Humming^- 
Birds  {  Trochilidts).  They  are  extensively  distributed 
throughout  the  tropical  zone.  About  five  liundred 
varieties  have  been  found.  They  are  all  of  small 
size,  and  of  brilHant  plumage,  with  a  bright  metallic 
lustre.  They  find  ample  food  in  Uie  riotous  insect  life 
of  those  regions. 

The  humming-bird  of  Brazil  is  the  most  common 
varietj-,  and  all  are  variations  from  a  common  stock. 

Several  species  of  Monkeys  (Cebida)  are  found  in 
South  America,  and  it  will  be  seen  later  on  that  they 
differ  widely  from  the  great  apes  of  Asia  and  Africa, 
sltbougli  all  of  them  are  descended  from  a  single  spe- 
ass.  In  several  localities  in  Southern  Europe,  in  the 
upper  Mississippi  region  of  our  own  country,  and 
recently  in  Northern  Brazil,  have  been  found  in  the 
Miocene  deposits,  fossil  bones  of  a  dog-like  ape.  This 
ape  had  a  long  tail,  but  the  rounded  form  of  the  ter- 
minal caudal  vertebrae  leads  us  to  believe  that  it  was 
not  prehensile. 

This  Miocene  dog-like  ape  was,  like  the  dogs  and 
hyenas  of  that  period,  descended  without  doubt  from 
the  anoplotherium  of  the  preceding  Eocene  period. 
This  latter  animal,  in  the  course  of  ages,  diverged  in 
structure  along  closely  related  paths,  and  from  him  the 
dogs  and  hyenas  were  evolved.  It  needed  but  a  fur- 
ther slight  divergence  to  produce  an  ape  exceedingly 
dog-like  in  its  anatomical  structure. 
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From  this  Miocene  ape  all  succeeding  x-ariedes  are 
doubtless  descended.  We  have  already  studied  his 
special  evolution  and  development,  of  an  ann  and 
hand. 

The  monkeys  of  Soutli  America  are  of  two  general 
kinds,  those  with  long  prehensile  tails  and  those  with 
long  non-prehensile  tails.  Among  each  are  several 
varieties,  and  most  of  tliem  are  found  in  the  great  for- 
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ests  of  the  Amazon  valley.  A  few  have  a  wid« 
geographical  range,  and  are  found  from  Paraguay  taJ 
Mexico.  The  more  important  of  the  prehensile- tailed 
nionkej's  are  the  howlers  (Mycetes),  the  spider  monkej 
i  A  teles),  the  Barrigiida  (Lagothrix).  and  the  < 
(Ccbus).  In  Fig.  87  we  see  the  spider  monkey. 
All  these  monkejs  have  long,  sensitive,  preheii 
tails  which  serve  a.',  a  fifth  hand,  and  is  well  suited  t 
their  active  arboreal  life.     The  terminal  caudal  vei 


bras  are  flattened,  and  ver>'  mobile.  The  muscles  are 
well  developed,  and  supplied  with  sensitive  and  motor 
nerves  from  the  sacral  plexus.  They  are  found  in 
great  numbers  in  the  Amazon  valley.  While  in  the 
forests  above  Para,  I  saw  hundreds  of  them  in  the 
trees  about  us.  the  howlers  and  the  spider  monkeys 


being  the  most  numerous.  While  there,  and  also  in 
the  forests  south  of  Panama,  I  have  subsisted  wholly 
for  several  days  on  the  flesh  of  the  spider  monkey  and 
plantains  fried  in  the  animal's  fat.  The  flesh  of  these 
monkeys  is  delicate  and  palatable,  and  esteemed  by  the 
natives  as  an  article  of  food. 
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The  non- prehensile-tailed  monkeys  are  the  maimfr 
sets  ( Hapale)  and  the  tamaiiiis  (Midas).  The  others 
are  unimportant.  They  have  long  non-prehensilt 
tails,  cfjvered  with  bushy  hair.  The  terminal  caudal 
vertebne  are  rounded  and  have  a  limited  motion. 
Their  digital  extremities  are  furnished  with  a  daw, 
and  their  anatomical  structure,  habits,  and  modes 
of  life  place  them  nearer  to  the  squinds  than  to 
the  apes. 

In  Fig.  88  we  see  the  common  marmosets. 

The  Condor  is  occasionally  seen  in  the  mountain 
regions  on  the  western  border  of  South  America, 
Here,  among  the  higher  altitudes  of  the  Andes,  he 
finds  a  habitat  congenial  to  him.  But  as  he  is  purely 
a  scavenger  bird,  rarely  attacking  living  prey,  he 
descends  to  the  more  level  country  in  search  of  food. 

In  a  somewhat  extensive  tour  in  the  Andes  Moun- 
tains I  have  seen  but  few  of  these  great  birds.  Their 
fossil  bones  have  been  found  in  considerable  numbers 
in  the  Post-Tertiarj-  deposits,  but  they  were  less  numCT- 
ous  in  Quaternary  times,  and  in  modem  times  Ihey  arc 
nearly  extinct. 

The  law  of  retrogression  applies  to  them  and 
continue  imtil  it  ends  in  their  complete  extinction. 

This  bird  offers  au  example  of  great  power  to  endure 
extreme  changes  of  heat  and  cold  and  of  atmospheric 
pressure. 

I  have  watched  these  birds  on  the  coast  of  Gua>'aqml 
where  they  came  down  to  gather  dead  fish  on  the 
shore.  The  heat  was  tropical.  Having  secured  their 
food,  they  flew  to  the  mountains  and  rose  to  an  altitude 
of  more  than  sixteen  thou.sand  feel,  or  very  near  the 
perpetual-snow  line.  The  range  of  temperature  could 
not  have  been  less  than  90"  F,  in  a  few  moments, 
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these  birds  endure  this  violent  change  without  appa- 
rent inconveuieiice. 
I  In  Fig.  89  \vc  have  an  excellent  view  of  one  of  these 


vAs  we  reach  the  more  northerly  regions  of  South 
Berica,  or  those  \y\n%  directly  under  the  equator, 
t  find  an  exiiTiersince  of  insect  life. 
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?  find  evidences  of  a  few  low'; 


In  the  Tertiary  age  t 
organized  insect  forms.  In  the  Post-Tertiary  age  tht-^ 
forms  were  greatly  multiplied,  but  it  was  not  until  U;- 
Quatemary  age  set  in  that  insect  life  reached  its  e!j 
max  of  devt;lopment. 

Among  tlie  more  important  of  these  insects  are  tli. 
bets,  wasps,  anis,  and  beetles.  They  are  among  lii' 
higher  orders  of  insect  evolution  and  intelligence. 

In  the  Jurassic  deiwsJts  remains  have  been  discwut.! 
that  are  believed  to  belong  to  Bees.  These  are  ann>!;:; 
the  earliest,  if  not  the  earliest,  forms  of  insect  liic  Ui;. 
api>eared  upon  the  earth. 

We  can  easily  understand  that  such  an  animal  furai 
as  a  bee  could  have  been  developed  from  some  prenous 
minute  form  too  minute  and  transiton-  to  leave  behind 
it  any  definite  trace.  But  there  can  be  no  doubt  what- 
ever that  bees  were  a  result  of  the  law  of  evolution  and 
developmetit  from  some  previous  minute  animal  oigaii- 
isni  of  a  lower  grade. 

Takiug  the  Jurassic  bee  as  among  the  very  first  of 
the  forms  of  insect  life,  he  conld  very  well  be  the 
progenitor  of  all  the  otlier  forms  that  have  since 
appeared,  wasps,  hornets,  and  flies,  with  all  their 
variety  of  fonn,  are  simply  a  divergent  developmenl 
of  insect  life,  along  lines  still  ([uite  parallel. 

The  ants  and  lieetles.  while  presenting  great  external 
differences  from  the  bees,  ma)'  still  be  the  products  of 
evolution  from  the  same  original  stock,  but  showing  a 
wider  divergence  in  their  more  recent  development. 

The  Ants  are  more  widely  distributed  than  any 
other  insect  of  a  like  growth  and  intelligence.  These 
creatures  are  endowed  with  remarkable  powers  of  brain 
intelligence  and  great  muscular  activity,  as  well  as 
fierce  and   predator;-  habits.     They  are  to  the  i 
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and  minute  animal  world  what  the  lions  and  tigers  are 
to  the  greater  animal  world. 

th.'^  foraging  ant  ( Eciion  drepanophora )  is  a  fierce 
beast.  They  sally  forth  in  vast  columns,  moving  with 
remarkable  regularity  and  devouring  savagely  every 
living  or  dead  animal  that  comes  iu  their  way.  As 
they  are  ferocious  and  fearless,  and  swarm  in  countless 
millions,  they  are  a  dread  to  all  they  meet. 

A  \'iew  of  these  animals  and  their  habits  as  seen  in 
their  native  forests  is  very  interesting.  I  have  watched 
these  ants  many  times  in  Brazil  and  on  the  Isthmus  of 
Panama. 

As  we  approach  the  great  tri>pical  regions  of  Soutli 
America -lying  under  the  burning  equatorial  sim,  we 
meet  with  two  very  interesting  animals — namely,  the 
Tapirs  and  the  Peccaries. 

In  both  these  animals  we  see  nearly  a  direct  descent 
from  the  tapir-like  paleotherium  of  the  Eocene  period. 

Tapirs  are  now  found  in  the  Amazon  valley  and  are 
occa-sionally  seen  as  far  north  as  Guatemala,  in  Central 
America,     I  have  seen  them  in  the  Amazon  forests  and 

Ion  the  Orinoco,  and  in  Colombia,  but  I  have  seen  none 
nortli  of  Costa  Rica. 
They  are  also  found  in  India  and  in  the  islands  of 
Sumatra  and  Borneo.  Few  if  any  are  met  with  else- 
Irheie. 
'  The  great  progenitor  of  the  tapirs,  the  paleotherium, 
needed  to  change  but  little,  and  to  diverge  but  slightly, 
to  evolve  the  modem  animal.  The  anatomical  structure 
and  physiological  functions  of  both  are  nearly  identical. 
The  paleotherium  has  transmitted  his  qualities, 
habits,  and  modes  of  life  almost  unchanged  through  so 
many  ages  to  his  modem  successor.  The  mobile  lip, 
utition.  the  heavy,  bonv  skeleton,  s 
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ological  processes  of  nutrition  and  reproduction  are 
essentially  the  same. 

The  paleotherium,  however,  lived  originally  in  North 
America  and  later  migrated  to  Europe  and  Asia,  and, 
so  far  as  is  now  known ,  he  has  lived  in  no  other  regions. 
In  his  original  home  he  is  now  extinct,  and  his  succes- 
sor, the  tapir,  is  found  in  two  localities  only,  and  these 
most  widely  separated. 

The  reason  of  this  wide  separation  is,  however,  veiy 
plain. 


FIG.  90. -AMERICAN  TAPIH. 

From  North  America  the  paleotherium  could  migrate, 
during  the  long  ages  of  the  Tertiary  and  Post- Tertiary' 
periods,  to  South  America  along  either  or  both  of  the 
highways  connecting  the  two  countries.  One,  the 
Isthmus  of  Panama,  the  other,  the  great  bridge  of 
land,  where  now  exists  only  the  chain  of  the  Windward 
Islands.  By  these  two  routes  he  could  reach  the  vast 
and  congenial  regions  of  South  America  that  have  sup- 
ported him  ever  since,  and  transmitted  him  almost  im- 
ehanged  to  our  own  time.  From  North  America  he 
»uld  also  migrate  to  Asia,  whose  Iwiuidless  steppes 


f,ve  a  congenial  home  to  vast  lierds  of  these  animals, 
I  the  equable  climate  of  the  same  geological  periods. 
[e  then  fotuid  ample  lime  to  migrate  by  easy  stages  to 
hat  is  now  Southern  India,  before  the  great  barrier 
I  the  Himalaya  Mountains  lifted  its  snowy  head  to 
Itercept  his  passage.  Continuing  southward,  he  was 
He  to  reach  those  great  stretches  of  land  that  have 
nee  become  the  islands  of  Java,  Sumatra,  and 
omeo. 

Here  he  has  continued  through  long  ages,  and  finally 
ndergone  the  slight  changes  that  have  transmuted 
hn  to  a  tapir. 


ASIATIC  TAPIR. 


In  Fig.  yo  we  see  the  American  form  of  tapir  as  he  is 
found  in  the  Amazon  valley  to-day,  and  in  Fig,  91  we 
see  the  Asiatic  tapir  as  he  is  found  in  India,  Java,  Su- 
matra, and  Borneo. 

Both  these  varieties  of  tapir  can  claim  a  common 
ancestor  in  the  paleotherinm  of  the  Eocene  period,  and 
while  they  are  so  widely  separated  in  their  modem 
habitat  by  migration,  they  have  (li\'erged  but  little 
during  the  subsequent  ages  from  their  tapir-Hke  pro- 
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They  still  closely  resemble  this  progenitor  in  extern 
appearance,  while  if  we  compare  their  osteology  witll 
the  fossil  bones  of  the  paleotherium  we  shall  see  | 
striking  similarity. 

Their  physiological  functions,  habits,  and  modes  0 
life  must  have  been  identical. 

Those    pig-like    animals,    the    peccaries, 
Joubtedly  a  degeiurate    or  undeveloped    variety  » 
t;ii)ir.     As  they  are  found  in  the  same  localities,  a 
Iwar  a  strong  resemblance  to  the  tapirs  in  their  habits 
moties    of   life,   and    osteological    structure,   but 
smaller  in  statnre,  this  view  admits  of  no  reasoaaU 
doubt. 

Two  varieties  of  peccarj'  are  found  in  Central  t 
South  America,  the  common  peccarj-  (DicotyUs  i 
gtmtus)  and  the  white-lipped  peccary  ( Dimtyhs  labiO'W 
his).     I  have  seen  great  numl>ers  of  the  former  o 
iHtbuius  of  Panama,  and  shot  a  fine  specimen  wheral 
tlie  Panama  Railway  passes  through  the  Cliagres  \*al- 
ley.     I  have  also  seen  the  white-lipped  peccar>*  in  the 
forests  of  the  Amazon  valley. 

The  white-lipped  peccary  is  larger  and  more  ferodoos 
than  the  common  peccarj-,  but  both  are  descended  from 
a  common  stock,  and  have  developed  along  lines  that 
arc  but  slightly  di^"ergenl.  The  Capybara  (Hydro- 
tktrus  capyhara)  or  water  pig  is  another  of  the  pig-like 
animals,  bearing  a  close  general  resemblance  to  the 
peccaries.  It  di&ers  from  them  in  two  anatomical 
points.  It  has  the  incisor  teeth  of  the  rodent,  and  the 
hoofed  toes  arc  connected  by  a  firm  tegtmientons  ireb, 
which  enaUes  him  to  swim  freely. 

Wlien  seen  in  the  ftirests  of  Brazil  at  a  little  distance 
1  ha\-e  been  tinable  to  distinguish  a  peccary  &Dai  a 
It  needed  3  near  %-iew  to  tell  one  frooi  | 
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A  later  development  of  this  same  pig-like  animal 

stock  is  the  wild  hoar  ( Sus  scrofa).     This  formidable 

beast  dwelt  for  ages  in  the  wanner  regions  of  Asia  and 

^AMca,  although  he  first  appeared  in  North  America. 

^He  belongs  to  the  great  order  of  the  pig-like  animals. 

^B  If  we  study  his  dentition  as  seen  in  Fig.  93  we 

Mgtiall  see  that,  like  the  capybara.  he  has  some  rodent 

qualities. 

Fossil  bones  of  the  boars  ( Suida)  have  been  found 
I  Miocene  deposits  in  North  America,  the  original 
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home  of  this  animal,  aiid  a  study  of  his  special  struc- 
ture leads  us  to  believe  that  he  is  descended  from  tlie 
paleotherium.  He  differs  in  no  essential  points  from 
the  tapirs,  peccaries,  and  capybaras,  and  from  him  hai-e 
sprung  the  modem  varieties  of  hog  by  the  processes  of 
domestication  and  artificial  selection. 

In  that  subdivision  of  the  age  of  reptiles  called  the 
Jurassic  period,  we  saw  the  evolution  of  a  singular 
creature,  partly  reptile  and  partly  bat — the  pterodactyl 
This  reptilian  bat  stood  as  an  intermediate  step  between 
the  reptiles  of  that  age  and  the  bats  of  the  succeeding 
age. 


OF  WfLD  BOAR. 


He  was  not  clothed  with  feathers,  nor  did  he 
a  true  wing,  but  he  did  have  a  great  developi 
the  bones  of  the  fourth  finger,  which  acted  as  a  fram 
work  to  support  an  expansion  of  his  integiunent  ii 
thin,  translucent  membrane,  which  served  for  the 
poses  of  a  partial  atirial  flight. 

While  he  transmitted  certain  of  his  functions  to  < 
animals,  he  also  transmitted  other  functions  to  a 
ceeding  species  of  animal — the  bats.     Hiftphysioli 
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functions  became  modified  into  those  of  a  mammal,  but 
he  transmitted  his  bony,  digital  framework,  his  mem- 
branous expansion,  and  his  dentition,  which  subse- 
quently underwent  some  changes,  to  the  bats. 

In  the  Quaternary  age  these  singular  mammals  have 
diverged  considerably  in  respect  to  their  tegiunentary 
development,  but  their  essential  anatomical  characters 
are  practically  the  same. 

They  are  all  insectivorous  mammals,  with  nearly 
identical  habits  and  modes  of  life. 

If  we  study  the  skeleton  of  the  bat  we  notice  his 
great  development  of  the  bones  of  the  fingers  to 
support  his  wing  membrane. 

He  is  a  true  mammal,  an  insectivorous  beast,  fierce 
and  uncouth,  and  a  dweller  in  out-of-the-way  and 
uncanny  places.  Some  of  them,  as  the  vampire  bat, 
have  a  rather  unsavory  reputation,  as  delighting  to 
suck  the  blood  of  innocent  sleepers. 

As  we  proceed  farther  northward  we  reach  the  im- 
mense area  of  North  America.  Here  life  first  dawned 
upon  the  earth,  here  evolution  progressed  steadily 
through  all  the  ages,  and  from  here  the  most  impor- 
tant forms  of  life  migrated  to  other  parts  of  the  earth. 

In  the  present  age  few  of  the  larger  forms  of  animal 
life  are  found  here.  Most  of  them  find  a  more  con- 
genial habitat  elsewhere.  One  of  the  most  important, 
and  formerly  the  most  numerous,  of  these  great  animals 
was  the  Bison  (Bison  Americanus). 

This  animal  was  formerly  widely  distributed  over 
the  greater  part  of  the  continent  of  North  America, 
and  existed  in  vast  numbers  until  within  a  compara- 
tively recent  time.  As  late  as  the  year  1872  it  was 
seen  in  immense  herds  on  the  great  plains  that  lie  west 
of  the  Missouri  River.     I  have  seen  great  numbers  of 
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the  buffalo  on  the  plains  of  Kansas,  Nebraska.  Colo- 
rado, and  Montana.  The  fossil  bones  of  the  bbon 
have  not  thus  far  been  found  at  a  lower  horizon  than 
the  late  Pliocene  period,  and  hence  it  is  believed  tliat 
his  evolution  did  not  occur  earlier  than  tlie  late  Terti- 
arj'  age. 

The  conditions  of  life  were  very  fa\'orable 
rapid  development,  and  at  one  period  he  extended' 
o\-er  nearly  the  whote  country.  Civilization  ha^ 
however,  been  very  fatal  to  him.  and  he  is  now  nearly 
extinct. 

When  we  see  a  view  of  this  great  animal,  as  in  Fig; 
94,  we  are  led  at  once  to  inquire  from  what  previo 
animal  form  was  he  descended.  From  our  \ 
knowledge  we  find  reason  to  infer  that  brontogi 
robustus  of  the  Miocene  period  was  his  progenitor. 
that  he  was  evolved  from  an  earlier  form  along  a  rath 
more  divergent  line.  It  is,  however,  reasonable  to 
believe  that  brontops  was  his  ancestor,  as  well  as  the 
ancestor  of  the  later  order  of  the  Bovidte.  Brontops 
was  a  huge  herbivorous  mammal  Uving  amid  favorable 
conditions  of  life  in  our  western  territories.  He  could 
easily  undergo  the  changes  neces,sary  to  transmute  him 
to  newer  forms— the  bison,  bull,  and  musk-ox,  in  the 
long  gap  of  time  between  the  Miocene  and  Pliocene 
periods.  Such  changes  were  not  great  nor  violent, 
and  relate  to  size  chieflj',  and  to  some  points  of  osseous 
anatomy. 

The  fossil  bones  of  the  sivatherinm  have  been  fom 
in  our  western  country  and  the  Siwalik  Hills  of  Indi 
tliua  showing  how  widely  he  was  distributed.  The 
evolution  of  this  auimal  from  the  xipbodon  of  the  Eo- 
cene age,  which  scarcely  admits  of  a  doubt,  was  a 
change  no  greater  than  the  change  from  brontops  I 


roiu^l 

:ndi4| 
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a  bison.  We  may  at  present,  at  least,  accept  this  view. 
Id  the  divergence  of  tlie  xiphodon  to  give  rise  to  the 
Mvatherium,  he  also  gave  rise  to  many  varieties  of 
the  deer-like  animals,  as  the  yak,  anoa,  giraffe,  and 
prong-horn  antelope.  There  is  a  very  close  similarity 
between  this  group  of  animals,  as  there  is  between 
brontops  and  his  successors — all  are  herbivorous  in 
their  habits,  and  all  except  brontops  have  a  regular 


«rell-formed  two-toed  hoof,  the  other  three  digits  being 
T'cither  rudimentary,  consolidated,  or  existing  as  par- 
I  tially  de\'eloped  toes  or  dew-claws. 

They  are  also  ruminants ;  the  physiological  process 

I  of  remasticatiou  of  the   food   belongs  to  all.     Their 

'  dentition  is  also  nearly  alike.     The  molars  are  fitted 

for  triturating  vegetable  substances,  and  the  anterior 

portions  of  the  jaws,  the  pre-maxilla:,  are  fitted  for 
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The  process  of  rttmination  was  a  function  thai  nit 
doubtedly  arose  after  tlie  evolutioii  of  the  great  car- 
iiivora  of  the  Post-Tertiarj-  period,  and  bears  s 
relation  to  the  instinct  of  self-preservation  and  safety. 

The  paleotheriuui,  the  afioplotherium,  and  the 
xiphodon  were  herbivorous  animals,  but  they  were  m 
ruminants.  Being  without  destructive  enemies  th^ 
could  feed  at  will,  and  digest  tlieir  food  at  leisure  in  a 
simple  stomach.  But  their  succes.sors,  following  out 
ou  Unes  of  slightly  varying  e\-olution  in  a  later  agCj 
when  great  carnivorous  beasts  abounded,  were  compelled 
to  adopt  some  means  of  safety.  As  they  were  ^^ithoot 
weapons  of  defence,  they  could  seek  safety  only  at' 
flight.  As  the  great  camivora  preyed  eagerly  upon 
them,  they  found  themselves  greatly  harassed  by  f 
fenxiious  enemies, 

They  were  obliged,  then,  to  graze  rapidly,  and,  how- 
ever abundant  the  vegetation,  they  were  compelled  to  " 
feed  upon  it  hurriedly  and  flee  away  for  their  lives  to 
a  place  of  safety.  This  mode  of  life  was  followed  by 
inevitable  physiological  consequences.  The  vegetable 
food  thus  rapidly  swallowed  and  imperfectlj'  masticated, 
was  not  received  into  the  stomach  in  a  fit  condition  t 
be  digested  and  as.similated.  Accordingly,  when  the 
animal  had  fled  to  a  place  of  safety.  With  his  stomach, 
full  of  coarsely  masticated  food,  his  physiological  needs 
led  to  the  development  of  a  new  and  special  function—^ 
that  of  regurgitating  his  food  in  successive  portions  bad 
into  his  mouth,  there  to  undergo  a  further  and  moni 
complete  process  of  mastication,  to  fit  it  for  ultimaf " 
digestion.  Tbi.'*  regurgitative  act  necessarily  induce 
anatomical  changes  in  the  stomach  itself.  This  orgai^ 
which  was  a  simple  niui^cular  sac  in  tlie  animals  uf  tl 
preceding  ages,  now  l^g-in  lo  dilate  its  walls  under  tl 
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stimulus  of  its  new  fimctions  aud  new  uses.  Lateral 
muscular  pouches  formed  to  receive  the  re-masticated 
morsels  and  convey  them  thence  to  the  pylorus,  to  be 


absorbed  into  the  circulation  by  the  intestinal  villi  just 
l:ieyond. 

Such  a  process — of  regurgitation  and  re- mastication 
— finally  led  to  the  developmetit  of  a  stomach  with  one 
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or  more  lateral  pouches  fitted  to  accomplish  this  ««n- 
plicated  and  special  work,  and  as  a  result  we  have  the 
stomach  of  a  ruminant,  as  seen  in  Fig.  95. 

In  the  lower  cut  showing  the  interior  of  the  stomadi 
we  see  the  esophagus  a,  which  con\-eys  the  food  to  the 
pouch  b.  From  here  the  coarsely  masticated  food  is 
sent  to  the  second  stomach  c,  which  has,  in  modem 
animals,  an  inner  mucous  memhraue  arranged  m  shallow 
hexagonal  cells.  This  organ,  hy  a  powerful  muscular 
contraction,  forces  the  morsel  of  food  back  into  the 
mouth,  where  it  is  masticated  finely  and  duly  mixed 
with  the  secretions  of  the  salivary  glands.  After  this 
it  is  again  swallowed  and  passes  into  the  third  stomach 
or  ]>ouch  d.  From  this  organ  it  is  sent  to  the  fourth 
Stomach  <■.  where  it  meets  with  the  gastric  juice, 
undergoes  a  nearly  complete  digestion.  It  then  passes 
the  pylorus  and  enters  the  small  intestine,  whoe 
digestion  is  completed,  and  where  the  nutritive  por- 
tions are  absorl>ed  by  tlie  intestinal  villi,  and  conveyed 
to  the  general  circidation  of  the  blood,  and  then  appro- 
priated by  the  various  tissues  of  the  body  in  the  processea 
of  nutrition  and  growth. 

The  Musk-Ox  (Ovihos  moschalus)  is  an  animal 
resembling  the  bison  in  its  general  anatomical  config- 
uration, and  is  doubtless  descended  from  the 
ancestor,  following  a  rather  more  divergent  line  of 
evolution. 

It  finds  a  congenial  habitat  in  the  most  northeriy 
parts  of  America,  but  its  final  extinction  is  not  fitf 
distant. 

Its  external  characters  are  determined  by  its  mode' 
of  life  in  a  cold  climate.  Its  osteology  difiers  but  littte' 
from  that  of  the  bison.  In  both  animals  the  funda- 
mental characters  of  structure  are  the  same. 
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The  Prong-Horn  Antelope  (Antilocapra  Ameri- 
cana)^ the  Elk  or  Moose  Deer  (Alces  machlis),  and 
several  smaller  varieties  of  deer  (Cervida),  are  found 
in  North  America. 

They  can  all  claim  the  same  ancestor,  the  xiphodon, 
and  each  has  followed  his  own  special  line  of  evolution 
and  development. 

The  prong-horn  antelope,  which  is  found  so  exten- 
sively in  the  northwestern  part  of  our  country,  and 
also  in  the  Rocky  Mountain  region,  differs  in  one  im- 
portant respect  from  the  deer  proper.  In  the  latter 
(the  Cetvidie)^  the  horns  are  composed  of  solid  bone, 
and  are  shed  and  reproduced  each  year,  growing  from 
the  soft  vascular  integiunent  of  the  head  called  the 
velvet.  In  the  prong-horn  antelope  the  horn  is  hollow, 
and  grows  upon  a  horn-core.  This  is  permanently 
attached  to  the  skull,  and  upon  it  the  outer  bony 
pronged  horn  of  the  animal  grows,  and  is  shed  each 
year. 

In  this  animal  we  see  an  intermediate  step  between 
the  solid  bone,  annual  horn  of  the  deer,  and  the  per- 
manent tegumental  horn  of  the  ox  growing  upon  a 
bony  horn-core. 

In  North  America  there  is  a  group  of  animals  which 
are  classed  under  the  term  Cynoidea,  or  dog-like  ani- 
mals. These  include  the  wolves,  foxes,  jackals,  and 
dogs.  We  have  seen  that  in  the  Eocene  period  the 
anoplotherium  lived  and  flourished  in  vast  numbers, 
and  over  a  great  area  of  Asia  and  North  America.  In 
the  course  of  ages  he  diverged  and  gave  rivSe  to  other 
animal  forms,  and  among  these  were  two  animals 
closely  resembling  each  other,  namely,  the  dogs  and 
hyenas,  which  appeared  in  the  Miocene  period. 

The  anoplotherium  needed  to  diverge  but  little  to 
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permit  the  evolution  of  these  two  animals  fi-otn  him.  I 
The  greatest  differences  were  in  the  formation  of  the  I 
claw,  and  the  growth  of  the  prehensor  or  canine  teeth,  | 
The  habits  and  mrxles  of  life  of  the  dogs  and  hyenas  | 
were  such  as  to  induce  anatomical  changes  in  both  j 
tooth  and  claw.  They  were  both  scavengers,  as  we  I 
have  already  seen,  and  lived  upon  the  flesh  of  dead  I 
animals.  In  order  to  feed  upon  these,  a  sharp  tooth  f 
was  neces.sar>-  to  tear  the  resistant  tissues,  and  a  blunted  j 


claw  was  needed  to  dig  and  scratch  the  ground  to  con- 
ceal their  food  from  other  animals. 

These  anatomical  characters  have  be«i  transmitted 
from  the  Miocene  period  to  the  present  time,  and  we 
have  in  the  wolves,  foxes,  jackals,  and  dogs  of  modem 
times  the  same  arrangement  of  anatomical  structure 
that  characterized  the  earlier  .species.  We  can  say  that 
Uie  anoplotherium  was  the  progenitor  of  the  whole 
>  of  the  Cynoidea. 


The  diSerences  between  these  four  groups  of  animals 
in  a  feral  state  are  very  small.  All  are  dog-like  in 
their  structure,  fuuctious,  habits,  and  modes  of  life. 
The  differences  between  tliem  are  exceedingly  .super- 
ficial, and  are  chiefly  tliose  of  size  and  color,  due  to 
climate  and  local  habitat. 

If  we  compare  the  wolf  fCa«M/w^MJ>  with  the  jackal 
(Canis  aureus),  the  fnx  (Cam's  vii/pes),  and  the  dog 
(Canii  /amiiiaris),  'we  shall  see  they  beloug   to  the 


\ 


flame  species,  and  that  all  sprung  from  a  c 
cestor,  the  anoplotherium.  Their  evolution  from  him 
during  the  long  subsequent  ages  lias  been  along  re- 
markably parallel  lines  of  special  development  and  a 
growth  of  very  similar  characters.  The  varieties  of 
domestic  dog  are  solely  the  resuh  of  special  selection 
and  breeding.  The  varieties  of  wolves,  jackals,  and 
foxes  are  due  to  the  influences  of  local  habitat.  The 
common  gray  wolf  and  the  coyote  found  on  our 
western  plains  and  in  the  great  forests  of  the  north- 
west, differ  but  little  from  each  other. 
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In  crossing  from  the  Ozark  Mountains  in  Souttiveatl 
Missouri  through  the  Indian  Territoo"  and  the  pUinrfl 
of  Kansas  to  Den\-er,  our  party  was  terribly  hai 
by  hordes  of  gray  wolves.  Several  hundred  of  thentl 
followed  us  day  and  night,  and  we,  six  in  numbei^fl 
with  our  horses,  barely  escaped  with  our  lives, 
night  our  camp-fires  of  ' '  buffalo  chips ' '  kept  them  a 
bay,  but  their  angry  red  eyes  glared  close  to  us  \\ 
firelight.  They  left  us  only  upon  onr  reaching  thej| 
arid  t^iion  on  the  borders  of  Colorado. 


FIQ,  9S.— COMMON  FOX. 

This  species  of  wolf  was  formerly  extensively  di»< 
tributed  throughout  North  America,  and  is  still  found 
in  the  great  forests  of  Northern  Russia,  where  it  is 
dangerous  beast  to  travellers,  rarely  failing  to  attach 
man  whenever  they  meet  him  in  his  jouraeyings 
that  inhospitable  region. 

The  group  of  the  Arctoidea,  or  bears,  has 
typical  representatives  in  North  America. 

The  dogs  and  hyenas  were,  as  we  ha\'e  seen,  thefint 
of  the  carnivorous  animnls  that  were  evolved  from  their 
common  ancestor,  the  anoplotherium.  Closely  followv 
ing  them  were  the  bears.     These  three  animals,  ths 


dogs,  hyenas,  and  bears,  were  the  first  to  depart  from 
their  original  progenitor,  and  to  follow  diverging  lines 
of  their  own  special  evolution  and  development. 

None  of  them,  however,  are  Inte  earvivora.  They 
still  retain  some  of  the  original  herbivorous  habits  of 
their  ancestor,  and  form  a  grade  of  evolution  from  an 
animal  whoHy  herbivorous  to  those  only  partly  so. 
The  group  of  bears  belong  to  the  plantigrades,  or 
those  treading  firmly  upon  the  plantar  surface,  or  sole, 
K  of  the  foot. 


s  essentially  the  same, 
;  line  of  evolution  and 


Their  anatomical  structure  i 
Old  all  have  followed  the  sam< 
:velop  merit. 

The  Polar  Bear  is  a  fair  type  of  the  North  Ameri- 

I  arctoids.     He  is,  however,  more  thoroughly  car- 

ivorous  in  his  habits  than  most  of  his  class,  but  this  is 

fidue  solely  to  the  influence  of  habitat.     Living  as  he 

1  in  the  icy  regions  of  the  far  north,  he  depends 

wholly  upon  the  flesh  of  .seals  and  walruses  for  his 


The  Evolution   of  Life. 


356 


food.     But  be  would  subsist,  as  other  bears  do,  upona 
mixed  diet  if  he  lived  in  a  wanner  climate. 

The  polar  bear  (Ursus  marilimus),  the  grizzly  t 

(  Ursus/erox),  the  black  bear  (  Ursus  Americanus),  i 
the  browu  bear  (  Ursus  arclos}  of  North  America,  t 
sloth  h^ar  (  Ursus  labialus)of  India,  the  Tibetan  i 
bear  (  Ursus  Tihetanus),  and  the  Malayan  bear  (  Urs\ 
Malaya )ius)i.iiSoMXh.em  Asia  are  all  a  product  of  e\'olnj 
tioii  ^om  one  aiid  the  same  original  stock,  the  anofd 
therium  of  the  Eocene  period. 


i.  lOO.-OHIZZLV  BEiR  OF  NOHTH  A 


one  ^^1 


When  compared  with  the  great  bears  of  the 
Tertiary  period,  we  see  that  they  have  undergone 
perceptible  degeneration  in  size.  Kven  the  great  pol; 
bear  and  Ujc  dreaded  grizzly  bear  of  the  Rocky  Moun- 
tains cannot  compare  with  the  earher  species.  All 
animal  life  from  the  Post-Tertiary  period,  when  the 
earth  teemed  with  so  many  and  such  great  forms,  has 
slowly  and  steadily  diminished.  The  larger  forms 
are  perceptibly  declining,  and  we  now  see  a  mo^ 
greater  number  of  the  smaller  animals  than  of 
larger. 

One  of  the  most  extensive  groups  of  the  lesser ; 
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forms  is  the  rodents,  or  those  animals  having  a  special 
form  of  dentition  that  fits  them  to  gnaw  woody  sub- 
stances. One  of  the  most  highly  developed  of  this 
group  is  the  Beaver  (Castor  fiber).  This  animal  has 
a  wide  distribution  over  the  whole  of  North  America. 

It  is  the  largest  of  any  of  the  rodentia,  being  about 
thirty  inches  in  length.  It  is  one  of  the  few  of  the 
rodents  that  is  aquatic  in  its  habits.  This  mode  of  life 
has  led  to  a  special  development  of  a  web,  or  tegumen- 
tary  expansion  between  the  digits  of  the  posterior 
extremities,  to  enable  it  to  swim  in  the  water.  As  it 
dives  beneath  the  surface  of  the  water  frequently  to 
construct  and  reach  its  nest,  it  has  greatly  developed 
the  lateral  caudal  muscles  to  enable  it  to  meet  this 
special  need,  and  the  tail  is  in  consequence  broad  and 
flat,  and  acts  as  a  posterior  oar. 

The  Musk- Rat  ( Fiber  zibethecus )  is  a  smaller  rodent 
of  similar  aquatic  habits. 

The  Prairie-Dog^  (Cynomys  ludoviciajius ) ,  the 
Striped  Gopher  ( Spennophilus  tridccemlinatus ) ,  and 
the  Common  Hare  represent  a  very  extensive  class 
of  the  rodent  animals,  all  of  small  size  and  wide  distri- 
bution. 

The  Squirrel  (Sciurus  vulgaris),  the  Rat  (Mus 
rattus)y  and  the  Mouse  (Mussylvaticus)  also  represent 
a  large  class  of  the  smaller  rodentia. 

The  entire  series  of  the  rodents  are  strikingly  alike 
in  their  special  dentition,  anatomical  structure,  physio- 
logical functions,  habits,  and  modes  of  life.  Their 
differences  are  chiefly  those  of  size  and  external  super- 
ficial appearance.  They  may  be  regarded  as  a  lesser 
development  in  point  of  size,  and  a  degenerate  evolu- 
tion along  very  slightly  diverging  lines  from  some 
preceding  form.     This  form  can  well  be  some  animal 
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who  has  entered  upon  a  retrograde  path  of  evolalion 
antl  who  was  himself  descended  from  the  pateotherium. 

If  we  will  review  the  long  line  of  these  special  animal 
organisms,  from  the  tapir  to  the  peccary,  capyban. 
agouti,  paca,  cavy,  beaver,  prairie-dog,  hare,  rabhit 
gopher,  squirrel,  rat,  aud  mouse,  we  shall  see  a  striking 
similarity  uf  anatomical  structure,  an  identity  of  physio^ 
logical  function,  and  between  many  of  them  habits  and 
modes  of  life  alike. 

At  first  sight  the  gap  seems  wide  bet^veen  a  tapir  and 
a  mouse,  but  in  order  to  compare  them  it  must  he' 
remembered  that  size  is  only  relative.  Raise  the 
to  the  size  of  the  tapir,  or  diminish  the  tapir  to  the 
of  n  mouse,  and  compare  their  osteology,  and  the  diHer* 
cnc«s  are  extremely  slight.  They  consist  chiefly  in  the 
differences  of  dentition.  The  external  appearances, 
even,  are  much  less  than  would  at  first  appear.  The 
tapir,  as  we  have  seen,  was  descended  along  the  same 
lines  as  the  megatherium — an  edentate,  ^-and  he  still 
retains  the  mobile  lip  aud  imperfectly  developed  incistx 
teeth  of  his  ancestor.  His  toes  are  hoofed  to  prote^ 
them  from  injiirj-.  The  mou.se  has  a  short  but  ex* 
trcmcly  mobile  lip  also,  and  small  incisor  teeth  fitteAJ 
for  the  function  of  gnawing. 

If  the  mouse  could  attain  the  siie  of  a  tapir,  he  would 
soon  lose  his  rodent  incisors  by  the  operation  of  the  laiV 
of  disuse,  and  his  lip  under  the  other  law  of  use  wouUI 
soon  grow  longer  aud  more  mobile,  and  more  tapir-Uket 
His  feet,  which  are  now  furnished  with  a  non-retractiU 
claw,  would  grow  heavier  aud  stronger  to  support  thci 
weight  of  his  body,  until  finally  a  hoofed  foot  would  btt 
formed  as  in  the  tapir. 

And  conversely,  if  the  tapir  could  diminish  himsdl 
to  the  size  of  a  mouse,  he  would,  under  the  operal 
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of  the  law  of  use  and  disuse,  lose  his  prehensile  lip  and 
his  hoofed  foot,  and  develop  an  incisor  tooth  and  a  non- 
retractile  claw. 

In  all  these  animals  the  physiological  functions  of 
nutrition,  reproduction,  and  growth  are  the  same. 

If  we  study  the  whole  series  of  animals  now  under 
consideration,  fiom  the  tapir  to  the  mouse,  we  shall  see 
it  is  a  gradation  from  a  large  animal  to  a  small  one,  but 
through  them  all  there  is  a  uniformity  of  anatomical 
plan  in  most  of  the  essential  principles  of  the  structural 
organisms. 

We  have  no  diflSculty  in  tracing  back  to  a  common 
ancestor  all  this  long  and  numerous  line  of  special 
animal  organisms.  That  ancestor,  as  has  been  already 
stated,  is  one  of  the  forms,  without  doubt,  that  devel- 
oped along  the  same  lines  as  the  megatherium — that 
great  South  American  edentate  of  the  Post-Tertiary 
period,  who  himself  can  claim  the  paleotherium  as  his 
progenitor.  The  descent  from  one  animal  of  so  many 
lesser  forms  has  been  accomplished  through  long 
lapses  of  time  by  the  process  of  evolution  along  closely 
parallel  lines  of  development  and  growth,  influenced 
by  climate,  habitat,  habits,  and  modes  of  life. 

These  influences  are  very  powerful  when  they  act 
through  the  long  flight  of  ages,  and  especially  when 
they  are  strongly  aided  by  the  law  of  natural  growth 
and  natural  selection. 

All  the  birds  and  insects  of  North  America  have  fol- 
lowed the  same  path  of  evolution,  of  variation,  and 
growth. 
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POST-THRTIARY    PERIOD;  — THE   AGE   OF    UODEl 
FORMS  OF  LIFE— Continued. 

The  Quaternary  period — The  ^laroidea  or  cst-Uke  animali— 
The  Felida: :  lion,  ti^r,  leopard,  and  the  whole  order  oi 
cals—Civels — Genetic — Icbneiuaon  —  Paradoxnre — Binlni- 
ong— Aard-wolf — (Jirjffe  —  Camel — True  camel — Bartiiim 
camel — Tlie  BovidEi; :  sheep,  goat,  ibex,  saiga,  Indian  ante- 
lope, eland,  koodoo,  gnu,  gemsboc,  chamois,  oryx,  □]!- 
ghnu- — Fallow-deer — Saiubur  deer — Rusiae  deer — Mnntjac 
— CUinese  water  deer — Roebuck — The  Chinese  eUpUure— 
Reindeer — Observations  on  birds,  fishes,  and  the  innllitndc 
of  animal  forms— Condition  of  the  earth — It  favors  devel- 
opment of  animal  life— Elephant — Hippopotamna — Bhino- 
ceros — Insect  life — Inliisorial  life — The  brain — CerebellBB  1 
— Olfactory  bulbs — Gray  matter.  m 

In  passing  from  the  immense  contineut  of  XoiA] 
America  to  the  v-ast  and  fertile  regions  of  Africa  and  I 
Asia  we  find  a  profiision  of  animal  fomis  unknonti  to  1 
any  other  parts  of  the  earth.  Many  of  these  forms  aiel 
of  large  size,  and  ha\-e  reached  an  advanced  grade  of  I 
special  anatomical  development.  At  the  head  of  theael 
special  forms  stands  the  great  order  of  the  .^luroidcsl 
or  cat-like  animals.  These  are  strictly  carnivorous  and  J 
predatory  in  their  habits,  and,  under  tlie  stimulus  of  ■ 
this  mode  of  life,  have  developed  special  organs  to  OhI 
able  them  to  seize  and  hold  Uving  prey,  and  to  devoisn 
and  digest  it.     These   special  oi^ans  are  the  sbaigfl 
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ractile  daw,  the  long,  slightly  recurved,  prehensile 
le  tooth,  and  the  simple  sac-like  stomach,  with  a 
,  intestinal  tract.  As  they  subsist  wholly  \i.\Km 
ring  animals,  which  they  are  compelled  to  pursue, 
tpture,  and  kill,  they  have  developed  a  nature  that  is. 
ruel,  eager,  and  intensely  ferocious.  This  ferocity  is 
Q  great  as  to  render  them  highly  dangerous  and  ex- 
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ceedingty  destnictive  to   most    other  animals.     They 

find  by  preference  a  congenial    habitat  in  the  wanner 

I  legions  of  Africa  and  Asia,  ajid  rarely  venture  into 

I  ^der  latitudes.    The  more  specialized  members  of  this 

l^great  group  are  called  the  Fetida  or  those  belonging 

l>  the  genus  Felis  or  cats. 

At  tlie  head  of  the  Fdida  stands,  by  common  consent, 

t  great  cat  called  the  Lion  ( Felis  Uo).    This  great 


_^ 
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well  shown  in  Fig,  loi. 

Kqually  important  with  the  Hon,  and  in  some  points 
of  a  more  highly  specialized  devtlopmetit,  is  tlie  Tiger 
(Felis  tigris).     The  climax  of  ferocity  and  destmcliTE 
tendencies  is  reached  in  tliis  special  organism. 

His  fine  color  and  hair  markings  are  due  to  the  infloifl 
ences  of  climate  and  local  habitat.                                  M 

'  y/^  t^^'r-^^i^    1 
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besides  the  lion  and  the  tiger,  tlie  more  importaiiM 
nibers   of   tlie   ^EUtroidea,   are  the  great  cal-ljbM 
mals  known  as  the                                                             fl 

leopard,                                       Felts  pardus.                 ^| 
ounce,                                         Felis  uucia.                  ^H 
clouded  tiger.                                 Felis  macrofelii.            ^H 
ocelot,                                              FeVii  pardalis.                ^H 
serval.                                              Frits  senial.                   ^H 
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lynx, 
cheetah, 
leopard  cat, 
bay  cat, 

spotted  wild  cat, 
common  wild  cat, 
Egyptian  cat, 
domestic  cat, 


Felis  lynx. 
Felis  jubata. 
Felis  Bengalensis, 
Felis  aurata. 
Felis  torquala. 
Felis  catus. 
Felis  manicuUUa. 
Felis  dotnestica. 


All  these  animals  are  found  in  Asia  and  Africa,  and 
none  of  them,  except  the  domestic  cat  and  lynx,  are 
seen  in  America.  Their  present  habitat  is  in  the  warmer 
zones  of  the  earth,  and  has  been  since  the  close  of  the 
Glacial  period. 

All  this  group  of  the  Felidce,  from  the  lion  of  the 
jungle,  to  the  cat  that  purrs  at  our  firesides,  belong  to 
the  same  special  order  of  anatomical  organisms.  The 
anatomy  of  all  is  alike,  as  is  also  the  physiological 
functions  of  nutrition,  reproduction,  and  growth.  The 
habits  and  modes  of  life  are  the  same. 

We  have  seen  that  the  lions  and  tigers  of  the  Post- 
Tertiary  period  attained  a  great  size  in  point  of  devel- 
opment and  anatomical  growth.  The  earth  was  then 
a  rich  and  universal  pasture  from  the  equator  to  the 
poles,  basking  under  a  perpetual  summer  sun,  and 
affording  a  congenial  habitat  to  vast  herds  of  huge 
herbivorous  mammals,  who  found  the  conditions  of  life 
easy. 

Under  such  favorable  conditions  of  agreeable  cli- 
mate, abmidant  food,  and  consequent  ample  nutrition, 
these  beasts  multiplied  greatly,  and  developed  to  a 
great  size,  and  became  exceedingly  destructive  to  the 
peaceful  herbivors  of  that  age. 

The  immense  development  of  herbivorous  life  stimu- 
lated the  evolution   of  the    great   cafn  Ivors ^   and  the 
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fossil  bones  of  the  special  aniituls  of  that  age  tdl  oil 
that  they  grew  to  a  size  unknown  to  us. 

In  the  Qualeniary  age  these  carnivorous  beasts  shom 
a  retrogression  in  point  of  size,  and  are  developiii;; 
along  degenerate  lines,  until  under  tlie  iuSuencc  of  the 
law  of  destructive  agencies,  and  harder  conditions  of 
life  they  will  finally  reach  extiuction.  The  reasons  for 
this  inevitable  and  ultimate  extinction  are  the  rapid  tn- 
croachments  that  human  civilization  is  e^-eoTrhert 
itiaktng  upon  them.  They  are  compelled  to  retirt 
before  tlie  sharp  edge  of  this  higher  cix-ilizalion,  whicli 
so  closely  and  remorselessly  presses  upon  them  at  even 
point.  As  they  are  themselves  destructive  in  Ihtnt 
nature,  and  of  no  use  to  man,  being  totally  incapablt 
of  domestication  or  e\'en  of  taming,  they  axe  destroyed 
as  dangerous  and  useless  enemies. 

Their  evohitiou  and  development  was  from  the  car- 
nivore of  the  Post- Tertiary  period,  after  the  Glacial 
period  had  receded  to  its  present  limits,  along  closely 
parallel  but  diminishing  lines.  The  smaller  cats  of  the 
Quaternary  age  are  a  later  and  more  degenerate  evolu- 
tion from  the  larger  Post- Tertiary  species.  This  de- 
generate evolution  relates  to  size,  the  special  anatomical 
structure  remaining  the  same. 

The  Viverridje  or  Civets  are  an  interesting  group 
of  smaller  animal  forms,  and  are  an  intermediate  gradi: 
betweeu  the  cats,  and  the  dogs  and  hyenas.  AH  are 
carnivorous.  The  cats  have  a  sharp  retractile  daw. 
and  sharply  pointed  canine  teeth.  The  dogs  and 
hyenas  have  the  same  sliarply  pointed  teeth,  hut  a  non- 
retractile  claw.  The  civets  liave  the  sharp  canine 
teeth,  and  a  claw  tliat  is  only  half-rclradile,  and  hence 
have  anatomical  points  that  are  Intermediate,  but 
common  to  both. 
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In  Fig.  103  we  see  tlie  Africau  civet,  which  differs 
but  little  from  the  Asiatic  and  lesser  civet. 

The  Geoette  (Gnulla  inilgaris),  the  Ichneumon 
(Herpestes  grisi-us),  the  Paradoxure  ( Paradoxurm 
musang),  and  tlie  Ginturong  (Ardutis  binlurong) 
belong  to  the  same  vivcrriiie  group. 

This  last  aninml  is  a  civet,  but  it  has  a  long  flexible 
prehensile  tail,  like  the  Brazilian  monkeys,  and  is  an 
intermediate  step  between  the  cals  and  tlie  monkeys. 


y 


In  Fig.  H14  we  see  tlie  hinUirong,  an<l  we  obseri-e 
certain  anatomical  characters  that  belong  to  the  dogs, 
the  cats,  and  the  prehensile- tailed  apes. 

A  close  study  of  tliesc  great  specialized  groups  of  the 

^fs  and  hyenas,  the  bears,  the  cals,  the  civets,  and 
anottier  curious  creature,  the  Aard  Wolf  ( Protelis 
lalandii),  will  show  us  that  while  they  have  external 
differences,  relating  to  size,  color,  hair,  growth,  and 
markings,  and  differences  of  habits  and  modes  of  life, 
and  of  mental  disposition,  there  is  still  a  fundamental 
sameness  of  anatomical  structure  and  plan.     All  follow 

remarkable  identity  of  osteological  development,  and 
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all  have  the  same  physiological  functions  of  reproduc- 
tion, nutrition,  and  growth. 

There  seems  to  be  no  doubt  that  all  these  groups  of 
caniivoraus  animals  now  under  consideration  can  be 
clearly  traced  back  to  a  common  ancestor,  the  Eocene 
auoplotherium,  and  that  each  group  has  followed  out 


during  the  succeeding  ages  his  own  special  line  of' 
evolution.  These  lines  of  evolution  lia\'e  run  in  a 
direction  that  is  very  remarkable  for  its  close  paralld- 
isni  of  special  development.  Viewed  in  the  light  of 
scientific  comparative  anatomy,  we  see  an  extraordinary 
sameness  among  these  groups  of  carnivorous  animals. 
The  entire  group  of  cats,  of  dogs,  of  hyenas,  and  C 
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bears,  from  the  largest  to  the  smallest,  can  all  spring 
from  a  common  ancestor,  and  in  the  course  of  time 
undergo  the  slight  changes  and  modifications  of  struc- 
ture necessary  to  produce  the  varieties  we  now  see. 
Many  of  these  varieties  were  doubtless  evolved  in  the 
latter  part  of  the  Post-Tertiary  period,  when  all  the 
conditions  of  life  were  so  easy  and  so  favorable,  when 
animal  organisms  diverged  so  readily  under  slight  but 
favoring  causes.  As  these  diverging  forms  multiplied 
in  number,  they  met  in  a  later  age  a  greater  number  of 
destructive  influences  that  tended  to  check  further  di- 
vergence and  evolution,  and  to  diminish  their  anatomi- 
cal growth.  These  destructive  agencies  are  still  in 
active  operation,  and  will  go  on  until  all  animals  not 
useful  to  man  will  be  totally  exterminated. 

Modem  civilization  is  extremely  fatal  to  animal  life, 
and  especially  to  those  forms  of  life  that  cannot  be 
utilized  in  this  practical  age.  As  this  civilization 
penetrates  more  and  more  deeply  into  the  regions 
of  the  earth  hitherto  unexplored  by  man,  evolution 
of  any  new  forms  of  life  will  be  impossible,  but  those 
forms  now  existing  will  be  destroyed,  as  organisms  in- 
compatible with  the  comfort,  safety,  and  needs  of  man. 

The  xiphodon  of  the  Eocene  period  was  the  common 
ancestor  for  a  group  of  animals  in  the  Quaternary-  age, 
comprising  the  sheep,  goat,  llama,  guanaco,  camel, 
deer,  and  girafie.  When  the  cold  of  the  Glacial  epoch 
set  in,  and  the  g^eat  arctic  regions  became  an  icy  bar- 
rier between  the  vast  continental  areas  lying  on  either 
side,  the  members  of  this  group  of  animals  were 
divided ;  some  found  themselves  driven  to  the  Ameri- 
can side  of  this  barrier,  others  were  driven  to  the 
Asiatic  side,  where  they  have  since  remained.  Among 
the  last  were  the  camels  and  giraffes. 
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These  great  auimals  are  clearly  descendants  o;  the 
graceful  xiphodon.  wlio  has  transmitted  ihrotigU  IIk 
.siibsequeiit  ages  his  special  ana- 
toinical  length  of  neck  and  limb, 
until,    under   the   influences   of 
local   habitat  and    special   selec- 
tion   and    development,    they 
have    reached    the   poiot   of 
growth  now  seen. 

Both    are    instances   of  I^     anatomical   de- 

velopment and  growth  ^fif  under  favorable 
conditions  of  life. 
The  Giraffe  (Ca- 
mchpardalU  gi- 
raffa>  is  sn  herbivo- 
rous mammal  who  ; 
delights  to  fccdnpoa 
the  foliage  of  trees. 
To  do  this,  he  must 
make  an  effort 
reach  the  branches 
and  twigs  abov'e  his 
head.  Under 
stimulus  of  tlie  law 
of  uii,  the  seven 
cervical  vertebrae  he 
inherited  from  liia 
progenitor  gradoally 
lengthened  by  the 
proliferation  of  e 
(JUS  cells,  induced  \fj 
the  process  of  nutri- 
tion and  tissue  growth.  Uy  this  growth  of  bony  tissue 
in  a  longitudmal  diret-tion,  the  neck  of  the  giiafiq 
reached  its  great  leiigth. 
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The  development  of  his  long,  flexible,  prehensile 
tongue  was  stimulated  by  his  special  need  to  bring 
within  reach  of  his  mouth  the  food  he  sought,  and  this 
need  induced  a  greater  nutrition  and  growth  of  his 
glossal  tissues.  In  Fig.  105  we  see  the  skeleton  of  the 
giraflFe. 

A  glance  at  the  osteology  of  this  animal  will  show  us 
that  the  features  which  particularly  distinguish  him  are 
the  great  length  of  his  cervical  vertebrae,  and  of  his 
metatarsal  and  metacarpal  bones. 

These  give  him  a  great  length  of  neck  and  limb.  In 
order  to  support  the  weight  of  this  unusually  long  neck, 
and  to  enable  him  to  carry  it  erect  without  fatigue,  his 
dorsal  spinous  processes  have  undergone  an  hyper- 
trophy or  increased  growth,  under  the  law  of  use  and 
of  special  need,  and  these  bony  spines  have  enlarged 
by  bony  cell-growth  to  give  attachment  to  a  strong 
nuchal  ligament. 

We  have  already  seen  this  special  anatomical  pro- 
vision to  support  the  heavy  head  of  other  animals. 

The  Camel  is  also  a  descendant,  along  a  line  of 
diverging  evolution,  firom  the  xiphodon  of  the  Eocene 
period.  His  path  of  divergence  has  been  very  close  to 
that  of  the  girafie,  and  has  been  induced  by  similar 
circumstances.  The  true  camel  (Camclus  droyncdarius) 
is  a  large  organism,  with  a  long  neck,  long  legs,  and  a 
powerful  osseous  structure.  The  length  of  the  neck  is 
due  to  the  elongated  growth  of  the  seven  cervical  ver- 
tebrae, and  the  great  length  of  limb  is  due  to  the  special 
growth  of  the  metatarsal  and  metacarpal  bones,  as  in 
the  giraffe.  As  the  camel  seeks  by  preference  the  hot 
and  sandy  regions  of  Africa  and  Asia,  this  choice  of 
habitat  has  led  to  a  special  divergence  in  the  anatomy 
of  several  important  organs.  To  protect  the  sensitive 
eye  from  the  rays  of  the  burning  sun,  the  supraorbital 
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ngde  has,  ss  nv  have  seen,  by  a  special  proliferatioa 
of  bont-ceSs,  tncTeased  in  size  until  it  has  fbnnedd 
bcMijr  Adf  or  projectian  whicb  screens  the  eye  f 
Oe  raaeasK  sunliglit- 

Tbe  fadt.  vlndb  was  ftntneriy  a  hoofed,  two-to 
cff^an,  hasdtaogcd  in  strnctnie  nnder  the  iufluenceof  ' 
a  fife  on  sandy  plains.  The  soft  and  yielding  sand  lu^ 
<.aii3ed  an  ahsorptioa  of  the  posterior  part  of  the  homy 
faoo<^  and  tJnslwsbecn  ultimately  replaced  bj-  an  e 
brcttd  mnsralar  pod,  fitted  better  to  walk  upon  s 
sand.  This  change  is  not  so  great  as  would  9 
first  sight.  The  original  foot  of  the  progenitor  n 
hoof  covering  two  narrow  toes.  As  this  foot  j 
continaaTly  upon  snA,  hot  sand,  the  posterior  pait,l 
heel,  irhidi  was  already  partly  miLsctilar,  became  c 
and  more  so  until  the  homy  hoof  was  absorbed  and  the  ' 
mnscnlar  pad  or  cnshion  was  formed  m-er  all  but  the 
extreme  point  or  toe,  and  this  retained  a  nidiment  of 
the  fonner  hoof  in  the  shape  of  a  protecting  nail. 

The  single  hump  on  the  back  of  the  true  camel  is  a 
fatty  growth  induced  by  generous  and  ample  nutritioo. 
Its  h}~pertrophy  or  atrophy  is  easily  influenced  by  the 
nntriti^'e  condition  of  the  animal. 

In  Fig.  106  we  see  the  true  camel. 

Another  \'3riety  of  this  spedal  animal  form  ts  the 
Bactriaa  Camel  (Camclus  hartrianus).  This  camel 
has  two  Citty  humps  upon  his  back  or  dorsal  region. 
Owing  to  the  fact  that  he  migrates  farther  to  the  north 
than  his  one-humped  ally,  his  hair  grows  more  abun- 
dantly, and  his  bones  assume  a  heax-ier  de\'eIopment 

There  caii  be  no  reasonable  doubt  tliat  the  camels 
were  evolved  from  the  xiphodon.  This  creature  had  a 
wide  range  over  a  great  part  of  North  America  and 
Asia  during  the  ages  of  the  Eocene  epoch.     He  seems 
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to  have  been  a  transition  organism,  and  gave  rise, 
through  slight  influences,  to  many  later  animal  forms. 

The  cam.els  were  among  these  forms. 

A  considerable  lapse  of  time  was  necessary  for  even 
the  slight  changes  to  l>e  accomplished  to  transmute  a 
xiphodon  to  a  camel.     The  ages  from  the  Kocene  to 


:  Miocene  periods  were,  however,  sufficient  to  effect 
e  changes.    During  this  long  interval  the  xiphodon 
'i  elowly  changed,  under  the  influences  of  migration,  of 
change  of  Imbitat.  and  mode  of  life  and  natural  selec- 
tion, and  eventually  an  :inimal  form  emerged  bearing 
plose  resemblances  to  his  progenitor,  but  also  showing 
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some  diSerences  in  external  form — those  parts  that 
change  most  easily. — and  as  a  result  we  have  the 
caiiiel.  Diiritig  the  Miocene  period  camels  attained  to 
nearly  their  highest  point  of  development,  and  reached 
it  completely  in  the  Pliocene.  In  this  age  thej"  were 
very  extensively  distributed  throughout  North  America 
aud  Asia,  where  their  fossil  bones  have  been  found  in 
abundance.  In  the  late  Post-Tertiary  period  they  be- 
came extinct  in  Nortli  America,  and  continued  to  sur- 
vive only  in  restricted  parts  of  A^a  and  Africa,  where 
I  hey  are  now  found. 

We  find  two  extensive  groups  of  animals  in  Asia  and 
Africa  that  found  a  favorable  and  congenial  habitat  m 
these  localities  for  their  evolution,  development,  iind 
di\'erKing  growth.     First  are  the  liovidir — comprising 


the 


Sheep, 
Goats, 


Gnus, 
Gazelles. 


Sc-cond.  Ilic  (V. 


■nmprising  the 
rieer^. 


The  Hovida  are  the  most  numerous  and  the  t 
important,   for  fruni   them  have  descended, 
natural   selection    or   artificial  breeding,    most   of  t 
domestic  animals  that  are  useflil  to  man. 

Some  of  them  are  found  in  Iwth  North  and  South] 
America,  but  the  greater  number  of  them  have  arisetia 
as  a  result  of  a  special  evolution  along  slightly  < 
ging  paths,  exclusively  in  Asia  and  Africa. 

The  most  interesting  members  of  the  Dirvidte  a. 


Slie«p 

Oris  monlana. 

Qt»t 

Cfipra  /rgagmmt 

Ibex 

Capra  thex. 

Mg. 

Sais"  tfiarim. 

Post-  Tertiary  Period. 


Aniilope  bi-aoartiea. 

BUnd 

Oreas  canaa. 

Koodoo 

Slrejisiceros  kiidu. 

Gnu 

Aniilope  gnn. 

Oemsboc 

Antilope  oryx. 

Cliamois 

Ruprieapra  tragus. 

Oryi 

Qry.v  leueoryx.                           _ 

NyUJhau 

Portax  picla.                             -M 

There  are  several  othtT  fomis,  Imtof  lesserinipnrtance 

1  the  animal  kingdom. 

The  Ibex  or  Paseng  is  one  of  the  most  iulerenting 

if  this  group  of  animals.     It  is  goat-like  in  its  configu 

Pntion,  and  from  it  have  descended  all  the  varieties  of 

the  modem  goal.     The  higher  lauds  adjacent  to  the 

Himalaya  range  h-ivc  afFordwi  a  congenial  habitat  for 

the  evolution  of  this  graceful  and  interesting  creature 

['from  his  remote  progeiiiUir. 
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The  Saig^a  is  another  variety  of  those  goat-ltk 
creature:^,  and  in  him  we  see  a  slight  approach  ta  t] 
gazelles  and  antelopes,  as  well  as  lo  the  sheep. 

The  ladiaa  Antelope  rises  a  little  higher  iu  tfat 
scale  of  evolution,  and  is  a  more  specialized  form  £ 
a  more  elaborate  development. 


The  Eland  also  presents  some  of  the  goat-like  chso 
acteri-stics  of  his  fellows,  but  in  hira  we  discern  f 
special  traits  that  point  clearly  to  the  ox  and  cloi 
resemble  him.  _ 

The  Gnu  is  one  of  the  most  interesting  of  the  wli<de 
group.  Ill  this  animal  we  see  an  organism  that  par- 
takes of  the  goat,  gazelle,  and  horse,  and  in  his  evolu- 
a  and  growtti  we  find  it  easy  to  understand  howoi     ~ 


Post-Tertiary  Period. 


375 


animal  form  can  diveige  and  in  the  course  of  time  give 
rise  to  new  forms. 

The  gnu  is  very  horse-like  in  his  external  form,  but 
iretajns  characters  that  belong  also  to  the  goat  and 
gazelle. 

In  tlie  Oryx  we  find  another  of  those  animal  forms 
ttat  by  a  sUght  divergence  of  evolution  could  change 
a  deer  or  an  ox. 


The  Anoa  is  an  animal  that  has  diverged  from  its 
original  progenitor,  and  forms  an  intermediate  link  be- 
n  it  and  the  deer  and  ox,  and  closely  resembles  the 
South  African  buffalo. 

By  a  comparison  and  study  of  these  special  members 
if  the  Bovida,  we  shall  sec  that  they  are  all  closely  re- 
lated in  form,  anatomical  structure,  habits,  and  modes 
f  life.  Their  divergence  of  evolution  and  development 
rom  a  common  ancestor  has  been  along  lines  that  were 
remarkably  p.irallel. 

That  ancestor  was  without  doubt  the  xiphodon  of  the 
Eocene  period. 
They  are  hollow-homed  ruminants,  the  hom  being  a 
—development  of  the  tegtmientary  tissues  upon  a  central 
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bony  hom-core,  and  are  permanently  attached  to  t 
head  during  the  life  of  the  anunal. 

The  second  group  of  these  animals  are  the  Cefvida^  \ 
or  antlered  mmhiants,  comprising  the  various  member*^ 
of  the  deer  family.  We  have  already  studied  the  evo-« 
lution  and  development  of  the  bony,  branched  anUer  I 
which  characterizes  these  animals.  It  now  remains  to] 
notice  and  compare  the  more  important  members  ofl 


FIO.  110.— TM£ 


this  group.      It  seems  probable  that   their   origini 
habitat  was  tlie  warmer  zones  of  Asia,  and  that  in  t 
course  of  ages  the>'  migrated  to  Africa  and  to  I 
cooler  regions  farther  north,  where  they  imdet 
some  changes  of  external  configuration  and  growth. 
The  Fallow-Deer  (Dama  i-ulgaris)  is  an  import 
member  of  tliis  group,  and  is  a  slender  and  delicatdy" 
developed  animal.     In  iin>deni  times  it  has  been  par- 
tially domesticated  by  man.     It  Iiaa  departed  from  its 
progenitor  along  a  slightly  V3r\'ing  line  of  evolution  li 
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I  file  development  of  a  somewhat  complicated  antler  and 
\  its  intricate  hair  markings. 

The   Sambur   Deer  ( Rusa  aristoUlis)  is  a  more 

powerftil I y  developed  ammil  than  the  f^llnw  deer  lis 
I  antlers  are  large  and  tenninate  in  three  points  The 
[  color  U  dark  and  the  habith  and  mode  of  life  nearly 

nocturnal. 


I 


The  Rusine  "DttrfRvsa  ifw^am^  closely  resembles 
the  others  in  general  appearance,  but  has  a  more  simple 
development  of  antler.  The  contour  of  the  head  is  Uke 
that  of  tlie  Bovida. 

The  Muntjac  (  Cenmlus  vaginalis)  is  a  smaller  mem- 
ber of  this  group.     He  has  a  simple,  nearly  straight, 

itler.  with  a  small,  txsny  tyiie.  The  antler  is  devel- 
from  a  long,  bony  pedestal  attached  to  the  skull, 
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and  has  a  thick,  hairj'  covering.     The  male  has  a  well- 
de\-eIoped  upper  canine  tooth,  which  projects  downwaid  I 
and  serves  as  a  weapon  of  defence. 
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The  Chinese  Elaphure  (Elaphurus  davidianus) 
is  a  larger  and  more  elaborately  developed  cervine 
organism.  It  is  of  a  considerable  size,  and  is  restricted 
in  its  habitat,  being  found  chiefly  in  China.  Its  ant- 
lers are  well  developed,  and  peculiar  in  their  structure 
and  form,  and  are  difierent  from  those  of  any  of  the 
other  deer  family.  It  consists  of  a  heavy  beam  rising 
straight  from  the  head,  and  bifurcating  high  up  into 
two  branching  points.  From  this  beam  springs  an 
enormous  back  tyne,  which  gives  the  antler  a  curious 
appearance.  It  is  an  elegant  example  of  the  deer 
tribe,  showing  a  high  degree  of  development. 

Another  of  the  larger  members  of  the  group  of  deer 
is  the  Reindeer  (Rangifer  tarandus).  This  animal  has 
attained  a  large  size,  in  point  of  anatomical  growth, 
during  the  early  Post-Tertiary  ages.  In  modern  times 
he  is  found  in  the  colder  zones  of  the  earth,  where  he 
would  undoubtedly  become  extinct  were  he  not  cared 
for  and  domesticated  for  the  use  of  man.  He  also  has 
a  remarkable  development  of  antler,  which  is  heavy, 
broad,  and  palmated. 

Several  other  varieties  of  the  deer  family  are  to 
be  found  in  Asia,  Africa,  and  the  Indian  islands,  but 
all  are  divergent  developments  from  the  same  original 
ancestor.  External  environment,  climate,  and  natural 
selection  are  the  potent  factors  that  have  caused  the 
changes  in  anatomical  configuration.  In  all  these 
varieties  of  the  Cervida,  the  physiological  functions 
of  nutrition,  reproduction,  and  growth  are  the  same. 
The  osseous  system  of  the  whole  order  shows  a  remarka- 
ble similarity  of  structure  and  plan.  Besides  the  groups 
and  individuals  described,  there  are  multitudes  of  other 
forms,  great  and  small,  that  need  not  be  studied  here. 
All  of  them  can  be  clearly  traced  back  to  their  progeni- 
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tore,  aiid  all  have  followed  some  special  line  of  develi 
meiit  and  descent  through  long  ages,  and  have  undergf 
the  changes  of  form  induced  by  their  particular  envin 
meat,  natural  selection,  habits,  and  modes  of  life. 

The  birds  have  varied  in   anatomical  structure, 
color  markings,  and  in  habits,  through  the  same 
ences  that  determined  clianges  in  mammalian  foi 
Habitat  and  its  local  influences  have  acted  powerfullj 
to  induce  structural  changes. 

This  is  also  true  of  the  multitude  of  forms  of  fish« 
The  fundamental  structure  of  both  birds  and  fishes  h; 
however,  undergone  but  few  changes.  The  vertebral 
type  remains  practically  unchanged.  The  lesser  poinl 
of  difference  have  been  detennined  largely  by  I< 
causes,  acting  for  long  periods  of  time  upon  tlieni. 

The  number  of  the  mammalia  now  existing  upon  the 
earth  is  very  large.  If  we  begin  with  tlie  elephants, 
who  stand  at  the  head  of  the  animal  kingdom  in  point 
of  size,  and  review  the  line  along  the  forms  of 
hippopotamus,  rhinoceros,  giraffe,  camel,  deer,  ell 
guanaco,  llama,  and  the  whole  order  of  the  Felidof^ 
Canida.  Ursidie,  Uytnida,  Suida,  Bovida:,  Rodentia,  and 
the  multitude  of  other  and  lesser  forms,  we  shall  see  a 
vast  as.semblage  of  animal  life,  which  at  first  sight  pre- 
sents striking  and  apparently  irreconcilable  differencesi. 

But  in  our  study  of  the  evolution  of  these 
animal  forms,  we  have  already  seen  that  they  all  hai 
a  homogeneity  of  anatomical  .structure,  a  similarity 
plan.     All  are  vertebrates  and  mammals.     This  great 
concourse  of  mammalian  animal  existence  has  sprtmg 
from  a  few  forms  that  lived  in  the  early  Eocene  p 
The  divergence  has  occurred  in  the  subsequent 
lu  the  preceding  Cretaceous  period,  no  mammals 
isted.     It  was  the  age  of  reptilian  forms  of  life. 


[ire- 
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those  cold-blcxxied  oviparous  animals  descended  the 
warm-blooded  viviparous  mammals,  by  a  process  of 
change  in  physiological  function,  and  a  special  ana- 
tomical development  of  special  organs,  which  we  have 
already  studied.  The  first  mammals  were  few  in  num- 
ber, as  we  might  conclude  a  priori,  and  sprang  by  the 
processes  of  evolution  fi-om  the  preceding  reptilian 
forms.  As  the  conditions  of  the  earth  became  more 
completely  adapted  to  the  support  of  animal  life,  those 
early  forms  began  to  diverge,  slowly  and  by  almost 
imperceptible  degrees,  until,  in  the  course  of  the 
immense  lapses  of  time  between  the  early  Eocene 
ages  until  the  Quaternary  ages,  a  vast  number  of 
newer  and  higher  forms  finally  appeared. 

The  geological  changes  that  successively  took  place 
in  the  surface  of  the  earth  very  greatly  determined  the 
evolution  of  animal  life.  If  the  earth  had  remained 
covered  with  shallow  seas  and  low,  wide-spreading 
marshes,  reptilian  life  would  have  been  the  highest 
form  of  life  possible.  But  as  dry  land  increased  in 
extent,  and  vegetation  became  nutritious  and  abun- 
dant, when  in  fact  the  earth  became  a  vast  rich  pas- 
ture, watered  by  abundant  rivers,  bathed  in  bright 
sunshine,  and  fanned  by  warm  and  pleasant  breezes, 
mammalian  life  became  possible,  and,  under  conditions 
so  extremely  favorable,  animal  forms  diverged  from 
the  earlier  types,  and  developed  rapidly  into  a  multi- 
tude of  newer  forms.  The  earth,  in  the  Quaternary 
period,  presented  the  same  appearance  that  it  does  to 
oiu"  eyes.  The  same  glorious  panorama  of  mountain, 
hill,  and  valley,  of  prairie,  forest,  and  woodland,  of 
lakes  and  rivers,  of  trees,  plants,  and  flowers,  of  sun- 
shine and  storm,  of  heat  and  cold,  of  seasons  and  of 
zones,  existed  then  as  now. 
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The  same  familiar  animals,  some  fierce  and  danger^ 
ous,  others  mild  and  gcntb,  roamed  over  the  earth 
— all  as  we  see  tliem  now— except  man. 

The  time  of  his  evolution  had  not  come. 

In  the  Post -Tertiary'  or  Quaternary  age  the  eai 
was  well  fitted   for  the  support  of  the  larger  forms 
of  animal   Hfe,   and   we  find  great  numbers  of  the 
bones  of  the  Elephant  in  our  country,  where  it  once 
roamed  freely. 

This  great  animal  descended  from  the  mastodon 
mammoth,  and  was  a  continuation  of  development  iti 
later  age  from  these  ancestors. 

Late  in  the  Post-Tertiary  period  the  American  ele- 
phant became  extinct,  but  iu  Asia  and  Afiica  he  found 
a  congenial  habitat,  where  he  still  survives,  amid  vast 
and  congenial  solitudes. 

The  hippopotamus  and  the  rhinoceros  also  found  tl 
warmer  regions  of  Asia  and  Africa  more  congenial  to 
their  tastes,  and  in  those  sequestered  countries  they 
roam  at  will,  finding  abundant  food  in  the  rank  weedft^ 
and  grasses  that  grow  so  luxuriantly  in  those  lonely 
and  sluggish  rivers. 

Insect  life  became  very  numerous  in  the  Post-T< 
tiary  period.  We  have  already  studied  the  evolutit 
of  the  bee,  one  of  tlie  earliest  forms  of  insect  life, 
fly  in  its  various  forms,  the  mosquito,  gnat,  flea,  tl 
vast  array  of  bugs,  beetles,  and  lowly  forms  of  win; 
and  creeping  things  an.-  divergent  developments  from 
few  ancestors. 

Infusorial   life   is   also  very  abundant.     These 
and  often  invisible  organisms  swami  by  millions 
pools  and  stagnant  places,  as  well  as  in  many  liqi 
used  in  daily  animal  needs. 

Their  form  is  often  complicated  and  highly  organi: 


:f 
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and  they  are  composed  of  cells  more  or  less  elaborately 
aggregated. 

Throughout  the  long  array  of  animal  life,  from  the 
early  Cretaceous  reptiles  to  the  late  Post-Tertiary 
mammals,  we  find  the  brain  to  be  small  in  proportion 
to  the  size  of  the  body  of  the  animal.  The  vertex^  or 
that  part  of  the  brain  which  contains  the  gray  matter, 
is  usually  small  and  but  slightly  convoluted.  This 
condition  denotes  a  low  degree  of  intelligence.  The 
posterior  part  of  the  brain  or  cerebellum  is  usually 
large,  and  this  is  what  we  should  expect,  since  the 
cerebellum  presides  over  the  function  of  motion  or 
muscular  co-ordination,  and  as  animals  are  highly  de- 
veloped in  their  muscular  systems  the  cerebellum  be- 
came highly  specialized  in  its  development  to  preside 
properly  over  the  function  of  motion. 

The  olfactory  nerves  are  also  highly  developed,  and, 
as  the  sense  of  smell  is  exceedingly  important  to  ani- 
mals, these  nerves  are  frequently  so  highly  specialized 
as  to  be  developed  into  a  bulb,  and  we  find  in  many 
animals  a  highly  developed  olfactory  bulb  to  preside 
over  the  important  function  of  the  sense  of  smell.  As 
we  rise  higher  in  the  animal  scale  until  we  come  to  the 
higher  apes  and  man,  we  find  the  brain  more  elab- 
orately developed.  The  vertex  is  more  deeply  convo- 
luted and  the  gray  matter  more  abundant,  denoting  a 
higher  degree  of  intelligence.  As  man  uses  his  brain 
more  and  his  muscles  less,  we  find  the  hemispheres 
grow  larger  and  the  cerebellum  smaller.  In  man  the 
sense  of  smell  is  also  less  important,  and  hence  through 
disuse  the  olfactory  bulbs  diminish  and  a  smaller  olfac- 
tory nerve  alone  remains.  In  the  earlier  and  lower 
animals  thought  and  reason  were  but  little  needed,  and 
hence  the  brain  was  but  slightly  developed.     When 
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man  appeared,  these  two  functioiis  were  of  sapreme 
importance.  They  made  him  the  master  of  the  world, 
and  we  see  a  special  development  oli  gray  nuttier  and  a 
deeply  convoluted  brain  surface  to  increase  the  area  of 
this  gray  matter,  in  which  reside  the  higher  intellectual 
faculties. 


CHAPTER  XV. 

POST-TERTIARY  PERIOD :— THE   AGE   OF   APES. 

The  Quaternary  period — Bipeds  or  apes — Fossil  apes  found  in 
Miocene  or  Eocene  deposits — The  anoplotherium  the 
progenitor  of  the  ape — Development  of  the  thumb  and  the 
clavicle — North  America  the  original  home  of  the  ape — 
His  migrations — Platyrrhine  and  catarrhine  apes — The 
cynomorpha  —  The  anthropomorpha  —  Prognathia  —  The 
mandrill — Baboon — Magot — Moor  macaque —  Mangabey — 
Black  baboon — The  Lemuroida — The  gibbons — Siamang — 
The  agile  gibbon — Wooyen — Hoolook — Orang  utan — Chim- 
panzee— Koola  kamba — Nschiego  mbouvd — Gorilla — His 
anatomy  compared  with  that  of  man — His  change  to  a 
gorilla-man,  and  finally  to  a  black  man. 

We  have  studied  as  far  as  necessary  in  the  preceding 
pages  the  development  of  animal  quadrupeds,  or  those 
animals  using yJwr  limbs  in  the  act  of  locomotion.  We 
now  have  to  consider  a  class  of  animals  differing  from 
them  in  some  important  particulars — namely,  the  ape^^. 

While  the  earlier  and  more  lowly  forms  of  apes  were 
quad^iipeds^  using  both  anterior  and  posterior  limbs 
for  locomotion,  the  later  and  more  highly  specialized 
apes  were  true  bipeds,  using  the  posterior  limbs  only 
for  locomotion,  and  the  anterior  limbs  for  prehension,  I 
have,  for  the  sake  of  convenience,  classed  them  all 
under  the  name  of  bipeds  or  apes. 
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The  term  "  age  of  apes  "  is  also  only  a  nutlei  of 
convenience,  while  treating  of  the  evolution  and  devd- 
opment  of  these  animals.  It  is  an  arbitrary  tarn  used 
here  to  designate  a  period  of  time  when  these  animak 
readied  their  greatest  point  of  development. 

Fossil  apes  were  at  first  found  only  in  early  Miocene 
formations,  and  it  was  believed  that  they  appeared  in 
that  age,  but  later  searches  have  fuiiiid  them  in  a  lown 
horizon,  iu  the  late  or  upper  Eoct-ne  period.  These 
early  apes  were  vcij'  dog-Hkc  iu  form,  and  of  lowly 
organization,  and  it  is  extremely  probable  that  they 
sprang  from  the  same  ancestor  ns  the  dogs — namely, 
the  aiioplotherium  of  the  early  Eocene  age. 

This  animal  soon  diverged  in  structure  and. 
under  favoring  circumstances,  gave  rise  to  a  series 
of  dog-like  forms,  as  the  hyenas,  dogs,  and  dog- 
like apes. 

We  have  already  studied  the  evolution  of  the  early 
hyenas  and  dogs,  and  we  have  seen  that  a  stall 
divergence  from  their  progenitor  ga^-e  rise  to  ant 
animal  closely  resembling  them — namely,  the  ape. 
have  also  seen  how  a  slight  change  in  physiological  fuiK- 
tioii  could  transmute  hi  in  to  a  fruit-eating  animal,  and 
that  to  obtain  fruits  he  must  seek  Uiem  in  trees.  This 
would  compel  him  to  lead  a  more  or  less  complete 
arboreal  life,  and  this  again  would  of  necessity  lead  lo 
the  development  of  special  modifications  of  limb  h) 
enable  him  to  live  and  move  with  safety  among  the 
branches  of  trees.  These  modifications  of  limb  con- 
sisted in  the  adaptability  of  the  anterior  extremity  to 
grasp  and  to  hold  an  object.  The  nffd  to  perform  a 
certain  act  led  to  the  special  development  of  parts  to 
enable  him  to  perform  these  certain  acts,  and  under  the 
stimulus  of  this  need  we  see  the  first  digits  of  both 
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anterior  and  posterior  extremities  gradually  become 
opposable  to  the  other  digits. 

In  this  way,  and  under  the  law  of  use,  we  see  the 
development  of  a  hand  with  an  opposable  thumb.  In 
the  early  dog-like  apes  this  opposability  was  slight, 
and  the  fossil  bones  show  only  a  small  degree  of  diver- 
gence from  a  straight  line  of  the  carpals,  metacarpals, 
and  phalanges  in  the  anterior  extremities,  of  the  tarsals, 
metatarsals,  and  phalanges  in  the  posterior  extremities. 
Slight  as  this  divergence  of  bone  in  the  hand  was  in 
the  early  apes,  it  was  sufficiently  powerful  to  induce 
another  anatomical  change  of  great  importance — 
namely,  the  development  of  a  clavicle. 

In  a  true  quadruped  a  clavicle  is  not  needed,  and 
therefore  does  not  exist.  The  anterior  limbs  simply 
support  the  weight  of  the  forward  part  of  the  body,  and 
are  used  for  locomotion,  and  not  prehension.  The  head 
of  the  humerus  is  received  into  the  shallow  cavity  of 
the  scapula,  and  the  motion  is  a  forward  and  backward 
swinging  motion. 

The  scapula,  which  is  a  broad,  flat,  triangular- 
shaped  bone  receives  the  upward  thrust  of  the  head  of 
the  hiunerus  against  its  apex,  which  is  pointed  down- 
ward when  the  animal  is  in  motion,  and  it  is  held  in 
place  against  the  sides  of  the  thorax  by  muscular 
attachments.     It  is  a  part  of  the  locomotory  apparatus. 

In  the  apes  who  use  the  arms  and  hands  for  prehen- 
sion as  well  as  locomotion,  we  find  a  clavicle.  The 
development  of  this  bone  was  induced  by  a  special 
need  of  the  animal  to  keep  the  shoulders  apart  when 
in  the  act  of  climbing.  A  bone  was  formed  to  meet 
this  special  need,  and  to  perform  this  special  function. 
The  clavicle  or  collar-bone  is  of  a  slightly  curved  shape, 
with  the  outer  end  articulated  to  the  acromion  process 
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of  the  scapula,  and  the  inner  end  to  the  ttpper  boria  I 
(if  the  stemum  or  breast-bone. 

The  development  of  this  bone  marked  the  d 
Iwlween  the  cla^-icular  and  the  iion -clavicular  anm 
1111(1  was  a  long  step  in  advance  in  animal  evolntitnL 

In  the  apes,  then,  we  have  an  anterior  hmb. ' 
is  fitted  for  locomotion  and  for  the  vastly  higher  o 
(if  prehension,  and  at  the  extremity  of  this  limb  « 
have  a  hand  with  an  opposable  thumb  and  four  finj 
capable  of  free  flexion.  This  gives  the  animal  a 
use  of  his  limb,  and,  with  the  slightly  opposabh 
great  toe  of  the  iwisterior  extremity,  or  foot,  enaM(»^ 
him  to  i>erform,  with  ease  and  safety,  the  higher  fiinc- 
tions  incident  to  an  arboreal  life.  The  de\'elopraeiit 
of  a  clavicle,  of  a  hand,  and  of  a  hand-like  foot  places 
him  far  in  advance  of  the  other  members  of  the  ani- 
mal kingdom. 

Thcevolutionofthe  ape  ocrcurred  in  our  own  country. 
In  later  agcN,  probably  in  late  Pliocene  time,  he  migrated 
in  two  opposite  directions.  First,  south  along  the  patb> 
way  of  the  Isthmus  of  Panama,  or  along  the  great  high^ 
way  of  what  are  now  the  Windward  Islands,  to  Soodi 
America.  Here  he  diverged  slightly  and  developed 
slowly,  and  gave  rise  to  but  few  varieties  of  t 
importance.  The  subsequent  elevation  of  the  Andi 
Mountains  and  the  breaking  up  of  the  great  highwa 
of  land  into  islands  made  his  return  to  his  native  land 
imi»ssiblc,  and  he  has  remained  there  ever  sine 
Scmnd,  north  over  the  Behring  bridge  of  land,  or  tl 
great  Arctic  Archipelago,  to  Asia  and  Africa.  In  thea 
vast  and  reniole  regions  he  fonnd  an  especially  col 
genial  habitat,  where  he  diverged  and  developed  ra] 
idly  into  the  higher  and  man-like  form.s  soon  to  t 
studied. 
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The  subsequent  formation  of  Behring's  Straits  and 
the  Arctic  Glacial  period  effectually  prevented  his  re- 
turn to  his  original  home,  and  he  became  extinct  in 
North  America. 

We  have  already  suflSciently  studied  the  South 
American  apes.  We  will  now  turn  to  those  of  the  Old 
World. 

At  first  sight  there  seems  to  be  a  g^at  variety  of 
these  animals  possessing  anatomical  characters  that 
separate  them  widely  from  each  other.  As  we  study 
them  closely,  however,  these  differences  appear  less 
great,  and  we  see  they  are  the  result  of  divergent  de- 
velopment from  a  common  ancestor,  determined  usually 
by  local  causes. 

The  apes  that  originally  migrated  to  South  America 
were  very  dog-like  in  many  of  their  anatomical  charac- 
ters, and  one  of  these  was  the  wide  lateral  nostril,  with 
a  thick  g^stly  septum. 

This  form  of  nostril  has  l)een  called  the  platyrrhine, 
because  it  is  wide  or  flat.  It  is  rarely  seen  in  any  other 
ape. 

The  apes  of  Asia  and  Africa  have  a  nose  less  widely 
expanded  and  with  a  thin  septum.  These  have  been 
called  the  catarrhijies. 

These  great  catarrhine  apes  may  be  divided  into  two 
general  classes  as  follows  : 

The  Cynomorpha,  or  Dog-like  Apes. 
The  Anthropomorpha,  or  Man-like  Apes. 

We  have  seen  that  the  dog- like  apes  first  appeared 
in  the  early  Miocene  period,  or  perhaps  in  the  late 
Eocene  period.  We  have  ample  reason  to  believe  that 
they  were  a  divergent  development  from  the  anoplo- 
therium,  along  with  the  hyenas  and  dogs,  and  all  three 
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animals  then  closely  resembled  each  other.  Each  fol- 
lowed, in  subsequent  ages,  an  ever-diverging  line  of 
development,  until  many  varieties  were  produced,— 
especially  of  one  form — the  apes. 

After  the  migration  of  these  animaLs  from  Norft 
America  to  Asia  and  Africa,  and  their  permanent  (te- 
lention  in  those  countries  by  terrestrial  causes,  thejr 
found  the  conditions  of  life  such  as  to  induce  a  still 
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wider   divergence  of  special    form.      Even    with   this 
wider  divergence,  some  retained  the  original  dog-Uke 
characters,  while  others,  under  a  special  stimulus, 
Slimed  njore  man-like  characters. 

All  the  apes  belong  to  the  class  Prognathta,  at. 
those  animals  having  a  forward  extension  of  the  javs^ 
or  prolongation  of  the  lower  part  of  the  face. 

Amoug  those  forms  that  seem  to  have  diverged  t 
least  in  development  friam  the  early  dog-like  animi 
was  the  Mandrill  ( Cynotephalus  mormon).     A  vi» 
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of  this  animal  in  Fig.  1 1 3  shows  that  he  possesses  many 
dog-like  characteristics  and  does  not  differ  as  widely 
froni  the  dogs  as  many  of  the  other  forms  of  ape. 

The  mandrill  stands  low  iu  the  scale  of  apes  and 
closely  resembles  the  carnivorous  dogs.     He  assumes 

Ie  horizontal  position  and  uses  his  arms  for  locomo- 
m.  His  powers  of  prehension  are  very  limited.  As 
:  is  a  dweller  on  rocky  and  open  ground  and  rarely 


■frequents  forests,  his  arboreal  habits  are  verj-  limited, 
Pand  as  a  consequence  we  find  his  thumb  lying  parallel 
to  his  fingers,  and  but  slightly  opposable  to  them.  His 
toe-thumb  also  is  nearly  parallel  to  his  toes.  His 
canine  teeth  are  large  and  powerful,  and  his  jaws  are 
decidedly  prognathous. 

His  diet  is  mixed  and  partly  insectivorous,  and  his 
digestive  organs  comparatively  simple.  As  he  is  proba- 
cy the  earliest  and  oldest  of  the  apes,  he  retains  many 
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of  the  habits  of  the  cauine  quadrupeds,  as  well  as  a 
points  of  anatomical  identity.  His  physiological  f 
tions  are  entirely  mammalian.  His  intelligence  i 
limited,  owing  to  a  small  development  of  the  cerebrum 
or  brain  proper  and  a  small  amount  of  gray  matter  and 
superficial  convolutions.  The  posterior  lobes  of  the 
brain  do  not  completely  cover  the  cerebeJlum.  The 
latter  is  large,  a'^  we  might  expect  in  an  animal  so 


muscular  and  active.  He  has  brightly  colored  cheek 
callosities,  and  well-marked  callosities  on  the  ischial 
hones. 

His  habitat  is  tlie  rocky  plains  of  Afnca. 

The  Common  Baboon  (Cynorephahts  papio)  is  an- 
other memlier  of  this  dog-like  group  of  apes.  This 
tape  has  a  more  porfecth-  opposable  thumb  and   toe- 
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thnmb  than  the  mandrill.  He  has  also  a  long  bushy 
tail,  which  has  not  yet  undergone  any  special  atrophy. 
In  Fig.  114  we  see  the  common  baboon. 
This  ape  inhabits  the  hilly  districts  of  Western  Africa, 
and  rarely  seeks  the  forests.  He  runs  on  all-fours,  and 
retains  many  of  the  earlj-  dog-like  characters.  His 
prognathous  jaw  and  small  skull  denote  a  low  degree 
of  inlelligence. 

The  Anubis  Baboon  ( Cynocephalus  anubis)  belongs 
L  to  the  same  group  of  dog-like  apes.     His  nose  is  ex- 


ceedingly like  that  of  a  dog.  but  his  arms  are  rather 
;  perfectly  developed. 
His  arms  are  used  for  locomotion,  and  not  for  pre- 
hension. 

The  Magot  (Maauus  sylvanus}  is  a  baboon,  and 
|>elong5  to  the  cynomoqjha  or  dog-like  apes.  He  also 
lives  in  open  plains  and  on  rocky  ground  in  North 
Africa.  While  he  habitually  runs  on  all-fours,  in  a 
J  and  galloping  gait,  he  can  also  assume  the 


I 
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twtti  peaimrt  far  >  ttme.  and  can  dimb  in 
oooflideiafale  desRE  of  titxjAouk. 

ipkae  dgvekyueut  of  dias 
meet  tins  need.  He  lias  no  *"t_  po  rfcwfc  r-ax\nia^r\ 
sBgfat  dieek  poncbcs,  and  is  ndier  mim  ^e~like  tlun 
the  baboons. 

The  Moor  Macaqoc  (Matmnu  wtOMMiu)  rises  a  littk 
in  th^  ape  scale.  He  is  frmad  in  the  island  of  Borneo, 
and  is  distinctly  artwrieai  in  bis  habits.  His  toe-thnmb 
is  especially  well  developed,  and.  while  his  poatioii 
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iH  usually  horizoutal,  he  can  easily  aseume  the  c 
posture. 

His  anterior  limb  begins  to  assume  the  form  1 
finictioiLs  of  an  arw).     His  general  character  is  tending 
to  a  higher  forra  of  ape-life. 

The  Mangabey,  or  white  eyelid  morikey  f  OrnffiitAf 
eus  ^Ethiops).  rises  a  little  higher  still  in  the  monkey^ 


He  is  a  little  in  advance  of  the  mandrill,  and  is 
lOre  pithecoid  in  character. 

This  animal  is  strictly  arboreal  in  his  habits,  and  as 
la  consequence  he  has  a  well-developed  thumb,  and  toe- 
V  thumb.  In  the  foot  the  toes  are  webbed,  especially  the 
I  second  and  third  toes,  and  the  toe-thumb  stands  widely 
I'fiom  the  foot.  The  tail  is  long  and  non- prehensile. 
I  !rbe  foot  and  hand  of  this  animal  are  seen  in  Fig.  1 19. 


rThe  Black  Baboon  ( Cynoenphalus  niger)  is  an  ape 
of  a  still  higher  grade  of  development.  While  he  is 
usually  classed  with  the  dog-like  apes,  we  see  he  differs 
from  them  in  several  es.sential  points.  He  as,sumcs 
easily  the  upright  position.  His  face  is  less  progna- 
thous, and  he  has  a  fairly  well  developed  upper  lip. 
His  nose  has  lost  the  dog-like  muzzle  and  has  a  shape 
ai^wioaching  the  human  nose.  He  has  a  pointed  tuft 
of  hair  on  the  head,  but  the  skull  is  well  formed,  and 
s  brain  is  of  good  size. 
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He  is  arboreal  in  his  liabits.  and  the  feet  and  hands 
are  well  developed.     While  he  habitually  mns  on 
fours,  he  easily  assumes  the  upright  posture,  and  pre- 
fers sitting  to  crouching. 

He  is  very  intelligent,  and  has  a  docile  and  affection- 
ate nature.  He  is  rather  melancholy  in  his  disposition, 
and  many  traits  of  his  character  approach  ver^-  closely 
to  those  of  man. 

All  of  the  cynomorpha  or  dog-like  apes  are  of  medi- 
um and  small  size.  There  is  a  considerable  variation 
in  txteniat  anatomical  configuration  and  development 
Some  have  tails,  as  the  niangabey.  the  Anubis  baboon, 


the  douc,  the  colobos  venis,  the  toque,  and  the  ma- 
caques, as  well  as  many  other  varieties ;  and  some 
have  only  a  mere  rudiment  or  stump,  as  the  mandrill, 
the  magot,  the  Moor  macaque,  the  black  baboon,  and 
others.  The  tail  is  in  no  case  prehensile,  and  henct 
of  no  use  in  his  arboreal  life.  In  this  group  of  apes  ths 
posterior  limb  or  leg  is  longest,  and  the  anterior  limH 
or  arm  is  shortest.  All  have  the  opposable  thumb  an4 
toe-thumb,  but  the  degree  of  opposability  of  these  digit! 
is  greatly  detennined  by  the  more  or  less  completl 
arboreal  life  the  animal  leads.     Those  that  lead  a  li£j 
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%£  open  and  hilly  country  have  less  completely 
, eloped  thumbs,  owing  to  disuse,  than  those  who 
■  a  strictly  arboreal  life  in  the  great  forests. 


ne  of  these  dog-like  apes  ha\'e  cheek  pouches  and 
do  not.  This  is  merely  a  special  development  of 
luccal  tissues  to  enable  the  animal  to  temporarily 
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storeaquantity  of  food.  Mostof  them  have/a^npoo 
the  posterior  part  of  the  pehic  bones,  where  the  animal 
sits.  Some  of  these  pads  are  brightly  colored,  owing 
to  a  special  vascularity  of  the  parts.  These  pads  con- 
sist of  a  patch  of  the  iiitegumeut  that  becomes  moreoi 
less  thickened  by  the  use  of  the  part  in  sitting. 

These  dog-apes  have  a.  small  skull  and  hence  si  small 
brain  cavity,  which  denotes  a  medium  degree  of  intel- 
ligence. The  brain  is  slightly  convoluted,  and  the. 
quantity  of  gray  matter  is  small.  The  jaws  are 
nathous,  and  the  dentition  varies  i 
respect.  Some  have  an  air-sac  or  laryngeal  pouch. 
most,  the  .stomach  and  intestines  are  simple,  but  in 
some,  notably  the  long-nosed  monkey  ( Semnopithaus 
nasalis),  the  stomach  is  more  complex,  there  being 
Uiree  gastric  pouches  united  together.  The  ph>'sio- 
logical  functions  of  these  apes  are  precisely  the  same. 
Reproduction,  nutrition,  growth,  and  repair  are  carried 
on  in  tlie  same  manner  in  all. 

When  we  study  comprehensively  tlie  group  of  di 
like  apes,  which  numbers  many  varieties,  and  whi< 
seem  at  first  sight  to  differ  verj-  widely  from  each 
other,  we  shall  observe,  upon  a  closer  scrutiny,  that  all 
of  them  are  anatomically  related,  and  we  must  believe 
that  all  of  them  sprang  from  a  common  stock.  In 
their  migration  from  North  America  to  Asia  and  Africa 
they  dispersed  gradually  over  almost  limitless  expanses 
of  country.  Here,  finding  favorable  although  diSerii 
conditions  of  hfe.  tliey  had  ample  time  and  sufBcit 
cause  to  vary  in  their  development,  until  finally 
evolution  occurred  of  all  the  varieties  of  this  speciat 
group  we  now  see.  Some  of  these  apes-  continued 
thdr  migrations  to  Madaga.scar  and  the  other  great 
islands  of  Africa  and  Asia,  when   those  islands 
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connected  with  the  continents.  A  subsequent  separa- 
tion of  these  islands,  through  geological  changes, 
isolated  these  animals,  and  through  the  influence  of 
climatic  and  terrestrial  environment,  they  slowly 
changed  and  diverged  in  development,  and  gave  rise 
finally  to  the  group  called  the  Lemuroida, 

These  are  ape-like  animals,  having  some  individual 
anatomical  peculiarities,  which  are  interesting  to  the 
naturalist. 

They  inhabit  a  restricted  territory,  and  are  compara- 
tively few  in  numbers. 

Following  the  Cynomorpha,  or  dog-like  apes,  come 
the  Anthropomorpha,  or  man-like  apes.  This  group 
contains  those  great  ape-like  forms  that  so  closely 
resemble  the  animal  called  man. 

If  the  dog-like  apes  sprang  from  the  anoplotherium 
of  the  early  Eocene  period,  from  what  animal  did  the 
man-like  apes  spring  ?  Undoubtedly  they  were  a  con- 
tinuation of  development,  and  a  more  special  degree  of 
evolution  of  the  higher  dog-like  apes. 

In  the  dog-like  apes  we  have  seen  that  the  leg  was 
longer  than  the  arm,  and  that  some  had  tails  and  some 
had  not. 

In  the  man-like  apes  the  legs  are  shorter  than  the 
arms.  In  the  lower  ranks  of  these  animals — namely, 
the  gibbons — ^the  arms  are  long  enough  to  permit  the 
hand  to  touch  the  ground  without  bending  the  body. 
This  great  length  of  arm  is  a  special  development 
to  meet  a  special  need.  The  habits  of  this  animal  are 
strictly  arboreal.  He  delights  to  seek  the  highest 
tree-tops,  and  in  order  to  swing  among  the  branches 
with  celerity  and  ease,  he  needs  a  long  arm.  This 
is  an  adaptive  growth  of  parts  to  enable  the  animal  to 
do  a  special  thing. 


As  we  rise  higher  in  tlie  scale  of  man-like  apes,  i 
find  these  higher  forms  living  more  upon  the  ground,! 
and.  as  they  use  their  arms  less  in  swinging  in  thefl 
trees,  the  arm  shortens,  hy  the  law  of  disuse. 

The  lowest  of   the    man-tike    apes    is    the    gemu ' 
Hylobates.  which  means  a  walker  in  the  woods,  and  to 
ihis  genus  belong  the  Siamangs  and  the  true  gibbons. 

These  two  apes  seem  to  occupy  a  neutral  ground 
between  the  highest  dog-Hke  apes  and  the  lowest 
man-like  apes. 

The  Agile  Gibbon  <  Hylobates  agitis)  is  one  of  the 
lower  of  the  man-like  apes.     He  maintains  the  erect 
position  in  walking,  but  in  doing  so  he  uses  his  hands 
to  aid  him.     His  arms  are  very  long,  so  that  his  hands 
can  touch  the  ground.      He  is  strictly  arboreal  in  his 
habits,  and  this  great  length  of  arm  penuits  him  to 
swing  easily  among  the  higher  branches  of  the  trees. 
In  the  higher  apes  and  in  man  there  are  eight  bones  of  J 
irregular  shape  composing  the  carpus  or  wrist. 
giblxiii  there  are  nine  of  these  carpal  bones. 
animal,  the  thumb  and  toe-thumb  are  well  develope<l,fl 
and  covered  with  k  Jlat  nail,  the  fingers  and  toes  a 
armed  with  a  more  claw-shaped  nail. 

The  skull  is  fairly  well  developed,  but.  iu  aa  auim 
so  active,  the  brain  or  cerebrum  is  less  fully  develop* 
than  the  cerebellum,  which  specially  co-ordinates  mas 
cnlar  motions.  This  part  of  tlie  brain  protrudes  badc<J 
ward,  and  is  not  completely  covered  by  the  lobes  of  tl 
hemispheres.  The  jaivs  are  less  prognathous  than  thos 
of  the  dog-like  apes.  The  teeth  are  well  develo] 
and  adapted  for  a  mixed  diet.  The  canine  teeth  a 
small.     In  Fig.  121  we  see  this  animal. 

He  rises  a  little  in  the  scale  above  tlie  dog-apes,  1 
presents  some  characters  that   are  decidedly  humai 
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I  This  ape  is  found  in  India,  and,  in  Past- Tertiary  times, 
he  ranged  over  a  large  part,  of  Asia  and  Soulhem 
Europe.     The  hand  of  the  gibbon  is  very  flexible. 


FIO.  121.— THE  AOILE 


The  Wooyen    Ape    (HyhbaUs  f>ileatus )    and  the 
Soolook  ( Hylobates  hoolook)  are  two  man-like  apes 
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occupying  a  step  higher  still  in  the  sunian  scale  H 
the  gibbons. 

They  have  the  same  length  of  arm  as  the  gibbc 

and  resemble  tlicm  in  their  general  anatomical  slnictu! 
habits,  and  modes  of  life.     Their  habitat  is  Southa 

Asia.     They  also  are  very  ' ■■'    r-uiv  of  Ihd 

characters,  and  display  t 


The  Siamang  r  l/vlobalrs  ariidat/y/iis)  rioes  j 
alxjve  the  gibbons,  and  is  very  human  in  many  of  its 
characters.  It  learns  with  great  facility  to  perform 
many  domestic  acts  with  curious  dignitj-.  Its  long 
slender  arms  enable  it  to  swing  ea.sily  among  the  tree- 
tops,  where  it  delights  to  dwell.  The  first  and  second 
fingers  are  webbed  nearly  to  the  tips.     The  brain  i 
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well  de\'eloped,  but  does  not  wholly  overlap  the  cere- 
bellum, which  is  large  and  strongly  developed,  as  it  is 


B  all  animals  uf  great  muscular  activity.     The  chin  is 
e  rounded  and  human  than  in  the  other  apes.  This 
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interesting  ape  can  easily  walk  erect,  and  usu 
maintains  this  position,  aiding  himself  when  n 
with  his  hands.  He  has  fourteen  pairs  of  ribs, 
his  round  shoulders,  flat  shoulder-blade — scapula- 
broad  stemuni,  and  slender  muscles  give  him  a  vtn 
human  appearance.  He  is  fond  of  milk,  and  is  easily 
tamed.  His  habitat  is  Southern  Asia  and  the  island 
of  Sumatra. 

The  Orang  utan  (Simla  sa(yrusj  "  The  Wild  Mau 
of  the  Woods,"  advances  rapidly  in  the  stmiau  scale. 
He  is  decidedly  man-like  in  his  external  configuration 
and  anatomical  structure.  While  he  is  one  of  ihe 
proguathia,  we  see  a  less  prominent  jaw  than  is  seen 
ill  the  dog-like  apes. 

The  orang  walks  habitually  in  the  erect  posture, 
and  while  his  habits  are  largely  arboreal,  he  is  also  a 
dweller  upon  the  ground.  His  arms  are  long,  and  llie 
hands  nearly  touch  the  ground.  They  are  well  dcwl- 
oped,  and  the  thumb  is  large  and  freely  opposable  ti 
the  fingers. 

The  toe-thumb  is  especially  well  developed.  TS 
brain  is  large  and  convoluted,  and  co\'ers  tlie  cerebc 
lum.  As  this  animal  rises  above  the  siamangiuinteL 
gence  the  brain  is  larger,  the  convolutions  deeper,  at 
the  gray  matter  greater  tii  quantitj-. 

A.s  he  is  les.s  active,  the  cerebellum  is  smaller  ai 
cii\-ered  by  tlie  posterior  lobes  of  the  brain. 

As  in  man.  tlie  orang  has  but  twelve  pairs  of  rib 
and  his  muscular  development  and  digestive  apparaU 
are  very  human.  Thi.s  great  man-ape  is  found  only] 
the  great  tropical  island.^  of  Sumatra  and  Boma 
The.se  immense  areas  of  land  lie  directly  under  tj 
burning  sun  of  the  equator,  and  the  climate  is,  tha 
fore,   perpetually    torrid.     Sumatra    stretches   away> 
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thousand  miles  in  liixuriaut  fertility,  and  Borneo  ex- 
ceeds eight  himdred  miles  in  length.  Both  these  vast 
islands  of  tropical  verdure  were,  in  a  former  age — the 
Tertiarj' — connected  with  the  Malay  Peninsula,  and  at 
that  epoch  the  apes  were  able  to  migrate  from  the  con- 


lent  of  Asia  to  these  immense  and  fertile  regions.  A 
mtisequeDt  separation  of  this  Icind.  through  geological 
changes  into  islands,  isolated  these  apes  from  their 
fellow.s,  and  they  have  had  ample  time  in  the  long 
succeeding  ages  to  undergo,  amid  favorable  snrronnd- 
le   changes   of   bmiil\-    slnictiin.-    in.-ce.'war)'    to 
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^B               transmute  them  into  the  mau-like  shapes  we  now  see 

^B                     The  Chimpanzee  (TroglodyUs  nigtr)  ascends  stil^^ 
^P               higher  ill  the  scale  cf  ninn-Hke  apes.     This  dweller  |^| 

^H                                                          na    125.-A  TAME  CHIMPANZEE  SW1NQIN&                          ^^| 

^H                 the  great  forests  of  equatorial  Africa  is  ^-ery  human  J^^ 
^1               appearance   and    reminds  us  that  we   are  gradually 
^H                 approaching  that  higher  animal — man — in  the  scale  of 
^K  ^^evolution.                                                                         ^^ 

developed,  and  his  power  of  grasping  with  the  hand  is 
like  Uiat  of  man  ;  he  clasps  his  thumb  arouurt  the  ob- 
ject grasped  instead  of  keeping  it  nearly  parallel  to  the 
fingers,  as  is  the  case  with  the  oraug  and  many  other 
apes.     His  hands  are  bare. 
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His  chest  is  large  ajjd  protected  by  thirteen  pairs 
ribs.  His  legs  are  iairly  well  developed  and 
him  to  maintain  the  erect  position  with  ease.  Hb  ft 
which  turn  inward  a  little,  are  bare,  and  his  toe-thumb 
strongly  opposable  to  the  foot.  His  brain,  which 
specially  elevates  hira  above  those  below  him,  is  well 
developed,  deeply  convoluted,  and  covered  with  a  weU- 
marked  layer  oi  gray  matter.  This  gives  him  a  re- 
markable degree  of  intelUgence,  The  chimpanzee 
CrowUy,  that  was  kept  for  several  years  at  the  Central 
Park  menagerie,  was  noted  for  his  verj-  human  intelli- 
gence. He  was  taught  to  sit  at  table  with  great  dig- 
nitj',  to  tuck  a  napkin  under  his  chin,  and  lake  his  soup 
with  a  spoon  from  a  plate.  When  he  tixik  food  in  his 
fingers  he  did  so  delicately,  and  cleansed  them  at  once 
on  his  napkin.  He  expressed  the  emotion  of  joy  by 
laughing,  and  of  sorrow  by  shetldiug  tears.  His  anger 
was  shown  by  a  scowl,  an  impatience  of  manner,  and 
by  stamping  his  fool  upon  tbe  ground.  He  showed 
his  love  for  "Jake,"  his  keeper,  and  for  his  friends  by 
a  marked  tenderness  of  manner.  He  would  hold  my 
hand  softly  in  his  and  kiss  it,  and  show  liis  frient 
for  nie  by  a  pleased  expression. 

The  chimpanzee's  brain  overlaps  the  cerebellum 
in  man.     The  nerves  of  special  sense  and  the  sensieul 
and  motor  nerves  are  well    developed.      His  teeth, 
mouth,  and  palate  closely  resemble  those  of  man. 

Rising  still  higher  in  the  scale  of  apes,  and  surpassing 
the  very  hnman-like  chimpanzee,  we  come  upon  a  rare 
and  singular  animal  who  is  very  man-like  in  configura- 
tion. This  is  tlie  Koola  Kamba  (  Troglodytes  Koola 
Kamba),  a  dweller  of  the  .sequestered  forests  of  equa- 
torial Africa.  This  great  ape  is  vei^-  human.  He  has 
a  shapely  round  head,  large  ears,  open  expressive  e; 


reet^B 


Id  my 
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I  and  a  wide  mouth.     The  rouudedchin  and  the  ctmtour 
rof  the  face  gi^■e  him  a  strong  resemblance  to  man. 

His  habits  are  purely  arboreal,  hence  the  strong  mus- 
r  arm,  the  well  developed  and  flexible  hand,  and 
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the  grasping  f'wt.  He  habitually  maintains  the  erect 
position,  and  has,  in  consequence,  well  de\-elopcd  raus- 
s  of  the  hip.  leg.  and  foot.      He  potisesses  cousidera- 
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ble  intelligence,  and  is  regarded  by  the  natives  as  a 
verj-  human  creature. 

Another  ape  which  stands  between  Ihe  chimpeniee 
and  the  gorilla  is  the  singular  animal  oallerl  tht 
Nschiego  MboU76<  Troglodytes  Tsckiego). 

This  rare  ape  has  his  habitat  in  equatorial  A&ica, 
where  he  seeks  the  seclusion  of  the  densest  forests.  He 
is  a  large  man-like  animal,  having  a  bald  head,  well- 
shaped  skull,  with  ver>'  prominent  supra-orbital  ridges. 
The  eyes  have  a  quiet  expres-sion,  and  the  cerebral  hemi- 
spheres are  well  developed  anil  couvoluted.  His  arms 
reach  a  Httle  Ixrlow  the  knee,  and  are  muscular  and 
powerfiil.  His  habits  are  arlwreal,  and  hence  he  hasa 
well -formed  opposable  thumb  and  toe- thumb.  He 
maintains  the  erect  position  with  c»mparative  ease 
when  walking.  He  has  thirteen  pairs  of  ribs,  and  a 
well-formed  thorax.  His  bony  skeleton  is  very  human 
iu  its  structure,  and  his  general  configuration  closely 
resembles  that  of  man. 

At  the  head  of  the  group  of  the  great  man-like  apes, 
and  standing  above  them  all  in  the  animal  scale,  is  that 
important  and  well-known  creature  the  Gorilla  (  Troglo- 
dytes gorilla).  He  is  the  largest  cf  all  the  apes,  and  his 
special  anatomical  structure  places  him  jn  the  scale  of 
evolution  next  below  man.  His  habitat  is  the  almost 
boundless  forests  of  A&ica  lying  under  the  fierce  tropi- 
cal sun  of  the  equator.  Here,  amid  a  favorable 
environment  and  free  from  hostile  Influences,  he  has 
developed  in  the  long  flight  of  the  ages  from  a  preceding 
lower  form  into  the  large  man-like  animal  now  seen. 

As  the  gorilla's  place  in  nature  is  so  close  to  that  of: 
mail,  aud  as  the  organic  stnicture  of  both  is  .so  s 
ingly  alike,  it  will  be  a  .subject  of  the  highest  intei 
to  studj'  tin:   more  salient  fe.itnres  of  his  anatoi 
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form.  Upon  looking  at  a  full-grown  male  gorilla  we 
see  a  large  powerful  animal  which  at  first  sight  appears 
to  differ  from  any  other  animal.  He  is  considerably  in 
advance  of  any  of  his  fellow-apes.  If  we  examine  him 
closely  we  shall  see  that  he  is  verj"  man-like  in  his  con- 
struction and  general  configuration. 

His  skull  is  small  in  its  cranial  capacity  and  his  jaws 
are  prognathous.  The  lower  molar  teeth  are  set  in  a 
straight  row  and  this  causes  the  jaw  to  project  strongly 
fiwward.     The  canine  teeth  are  large  and  powerful. 

The  brain  is  about  two  thirds  the  size  of  the  human 
brain.  The  fissures  and  convolutions  and  shape  of  the 
hemispheres  closely  resemble  the  brain  of  man.  The  in- 
ternal cerebral  anatomy  is  also  practically  the  same.  If 
we  take  the  brain  of  the  gorilla  and  divide  it  on  a  hori- 
zontal median  level,  we  shall  lay  open  the  two  spaces 
called  the  lateral  ventricles.  These  are  separated  as  in 
man  by  the^^/«w  Iticidum.  Each  ventricle — the  right 
and  left  lateral — ^has  an  anterior  and  posterior  coniu  or 
horn-shaped  point  extending  into  the  substance  of  the 
bndn.  Upon  the  floor  of  each  ventricle  are  seen  two 
curved  irregular-shaped  eminences  or  bodies,  the  hip- 
pacampus  major  and  hippocampus  fninor.  They  are 
the  same  as  in  man. 

In  the  gorilla's  brain  are  found  the  corpora  striata 
and  the  optic  thalami.  Each  optic  thalamus  gives 
origin  to  bundles  of  nerve  fibres  that  go  to  form  the 
optic  nerves^  and  these  nerves  form  a  commissure  as  in 
man.  The  olfactory  and  fifth  pairs,  as  well  as  the 
eighth  pair,  or  pneumogastrics,  are  given  off  in  the 
same  way  fi-om  the  under  surface  of  the  brain,  and 
have  the  same  physiological  functions.  The  posterior 
lobes  of  the  cerebrum  overlap  and  cover  the  cere- 
bellum. 
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In  all  the  more  important  anatomical  cerebral  stnic- 
tnres  and  iifa>-«)Dlogicai  fonctions,  the  brain  and  nent^ 
o(  ^tecial  sense  in  the  gorilla  correspond  with  those  of     J 
man.  I 

Tbe  haid  palate  forming  the  roofof  the  mouth  i*  very     I 
narrow  and  coostricted.  and  the  buccal  ca\-itv  iUelf  is 
greatly  contiscted.      The  tongue   is  in  consequenct 
long.   thin,   and  narraw.   and  this  makes    articulate 
fpeech  impossible  in  llie  gorilla. 

The  strongly  developed  laiynx  gives  the  goriUa  lie 
power  to  utter  deep  gnttnral  sounds. 

The  arm  and  forearm  are  much  longer  and  motv 
mufcnlar  than  in  man.  The  deltoid,  biceps,  and  triceps 
muscles  are  large  and  strongly  developed,  as  we  sliinild 
expect  to  find  in  an  arboreal  anima].  The  rotation  of 
the  radius  upon  the  ulna  is  Irec.  but  not  so  perfect  as  in 
man.  The  Sexor  and  extensor  muscles  of  the  hands, 
and  the  oppoeability  of  the  thumb  also  closely  resemble 
our  own.  The  hand  itself  Ls  verj-  human,  and  can 
easily  grasp  and  hold  objects  with  the  thumb  and  fin- 
gers clasped  about  them.  The  thorax  is  capacious, 
and  the  lungs  well  developed.  The  ribs  number  thir- 
teen pairs.  The  heart  and  blood-i-essels,  the  stomach, 
liver,  pancreas,  spleen,  and  the  intestines  are  like  those 
of  man,  and  have  esacUy  the  same  physioloj 
functions. 

In  the  muscles  of  the  lower  extremities  we  nottool 
considerable  differences.    The  gorilla  is  unable  to  main- 
tain the  erect  position  lu  walking  as  perfectly  as  man. 
but  is  obliged  to  aid  and  steady  himself  by  niean.s  of  his 
hands,  which  he  frequently  applies  to  the  ground. 

This  imperfect  upright  position  of  tlie  gorilla  is  owing 
to  the  lesser  development  of  the  muscles  of  the  hip, 
thigh,  and  calf.     In  order  to  stand  securely  in  the  e     ~ 
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position,  the  glutei  muscles  of  the  hip  must  be  well 
developed,  as  well  as  the  psoas  and  iliacus  muscles  of 
the  inner  side  of  the  thigh,  and  the  quadriceps  extensor 
muscle  of  the  front  of  the  thigh.  In  man  we  find  all 
these  great  muscles  well  developed,  and  hence  he  can 
stand  erect  with  ease.  In  the  gorilla  and  the  lower 
apes  the  glutei  muscles  are  but  slightly  developed,  and 
hence  the  upright  position  is  only  partially  maintained. 
The  act  of  walking  is  further  maintained  by  the  gas- 
trocnemius muscles  of  the  calf  of  the  leg.  In  man  we 
find  these  muscles  thick  and  fleshy,  and  they  perform 
the  of&ce  of  locomotion  perfectly.  In  the  gorilla  and 
the  lower  apes  these  muscles  are  thin  and  tendinous, 
and  are  better  fitted  for  an  arboreal  than  a  terrestrial  life. 

The  gorilla  finds  another  difficulty  in  walking  in  an 
erect  position — namely,  his  inability  to  bring  the  plan- 
tar surface  of  the  foot,  or  sole,  flatly  upon  the  ground. 

His  forestine  life  for  ages  has  led  him  to  seek  his 
food  from  fruits  and  nuts,  and  in  order  to  obtain  these 
to  satisfy  his  daily  needs,  he  must  find  them  among 
the  trees.  A  special  need  to  aid  him  in  holding  on  to 
the  branches  was  thus  called  into  activity,  and  the 
great  development  of  the  toe-thumb  was  che  result. 
This  toe-thumb  has  the  power  to  clasp  itself  around 
the  branches  of  trees,  and  as  a  consequence  the  foot  is 
thrown  more  or  less  upon  its  outer  edge  in  walking. 
This  inability  to  apply  the  sole  of  the  foot  flatly  upon 
the  ground,  together  with  the  only  partial  development 
of  the  glutei  and  crural  muscles,  is  the  reason  why  the 
gorilla  walks  with  a  somewhat  uncertain  gait,  and  is 
obliged  to  steady  himself,  while  in  an  upright  position, 
by  the  use  of  his  hands  and  long  arms. 

In  his  native  state  the  gorilla  displays  some  intelli- 
gence in  his  search   for  food.      His  slight  reasoning 
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Acuities  lead  him  to  tbrow  clubs  and  stones  to  dModgt 
a  froit  or  nut  from  an  inaccessible  tiee-top.     He  alsi 
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partially  defends  himself  from  his  enemies  by  then 
ofacluborby  tlirowiiig  missiles.     In  captivity  he  ei 
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learns  to  use  a  cane  in  walking,  and  has  been  taught 
to  bathe  his  hands  and  face,  and  to  make  some  effort 
at  persona]  adornment.  In  Fig.  128  we  see  the  gorilla 
in  his  nati\'e  forests. 

While  the  gorilla  is  often  described  as  a  wild  and 

savage  beast,  he  nevertheless  has  some  kindly  and 

b  excellent  qualities,  and  often  displays  tlie  human  attri- 

I  butes  of  affection  and  regard  for  those  who  are  kind  to 


I 


liim.  In  (.ompanng  the  structural  anatomy  of  the 
gorilla  with  that  of  man  we  ste  superficial  and  exter- 
na! differences  that  at  firstMCW  seem  s)  great  as  to 
impassable  gulf  between  them.  These  differ- 
I  point  of  brain  capacity,  of  contour  of  face,  of 
if  arm,  of  uon-developed  muscles  of  the  hip, 
bigh,  and  leg,  and  of  the  shape  of  the  foot,  are  very 
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great,  Bui  the  two  animals  approacli  ea(Ji  other  ver)' 
closely  wheu  we  examine  the  important  nnatomical 
organs  of  both.  The  internal  structure  of  the  brain  of 
the  gorilla  is  like  that  of  man.  The  origin  and  fiiiie- 
tions  of  the  nerves  of  special  sense  are  alike.  The 
physiological  functions  of  the  digestive  and  reproduc- 
tive systems  are  the  same,  and  the  osseous  structure 
closely  similar. 

The  gap,  as  we  now  see  it,  between  the  highest  apes 
and  the  lowest  men,  was  v-ery  much  less  iu  past  ages. 
There  were  undoubtedly  transition  forms  between  the 
gorilla  and  man  which  might  be  called  gorUla-men. 
In  the  evolution  of  the  gorilla  he  must  have  changed 
slowly  in  his  bodih'  configuration  as  he  gradually 
emerged  from  his  fore.st  home  and  led  a  more  migra- 
tory life  upon  open  ground.  These  changes  i 
show  themselves  first  in  a  more  erect  position  < 
animal,  then  a  development  of  n  flatter  foot,  and  t 
change  of  the  toe-thumb  to  a  straight  toe. 
would  follow  of  necessity  a  shortening  of  the  i 
through  disuse,  for  at  a  certain  stage  in  his  career  fa 
ceased  to  be  an  arboreal  animal — a  tree-cUmber— 
became  a  migralorj'  animal  upon  the  surface  of  t 
ground.  Last  of  all  came  a  change  in  his  skull  £ 
an  increase  in  the  size  of  his  brain. 

The.'ie  changes  of  bodily  form  were  a  iiecessit>'  \ 
were  due  to  a  change  of  habitat  imposing  new  c 
tious  of  life  upon  the  animal.  His  slow  emergence 
from  his  form  of  a  gorilla  to  the  more  advanced  gotilla- 
man,  and  finally  to  a  black  man,  wa,s  an  orderly, 
gradual,  sequential  process,  requiring  long  ages  1 
accomplish  such  a  series  of  important  changes. 


CHAPTER  XVI. 

POST-TERTIARY  PERIOD :—  THE  AGE  OF  MAN. 

The  Quaternary  period — The  evolution  of  man — The  gorilla 
his  progenitor — Changes  in  his  skull,  brain,  arm,  leg,  and 
foot — ^His  migration  to  the  north  —  Confronted  by  new 
enemies  :  the  lion,  panther,  leopard,  python — Food : 
mango,  banana,  date,  maize,  rice  —  Invents  weapons — 
Discovers  fire  —  A  cooler  climate  whitens  his  skin  and 
straightens  his  hair — He  reaches  the  Mediterranean  Sea — 
Learns  cookery — Settles  in  the  valley  of  the  Nile — Early 
civilization  of  "Bgyptt  Asia,  Greece,  Rome,  Northern 
Europe — ^Penetrates  to  Malaysia  and  Australia — Migrates 
to  North  and  South  America — Races  of  men — Evolution 
no  longer  active — Modem  destruction  of  life — Progress  of 
man — His  intellectual  development — Science — Medicine — 
Steam — Electricity — Chloroform — The  influences  of  war, 
disease,  vice — ^Time  since  the  earth  has  existed. 

THE  EVOLUTION   OF  MAN. 

During  the  early  ages  of  the  Quaternary  period  a 
new  form  of  animal  life  appeared  upon  the  earth.  It 
was  a  product  of  evolution  from  some  preceding  lower 
form  resembling  itself  in  its  general  configuration. 
This  new  animal,  which  was  able  to  assume  the  erect 
position  permanently,  and  which  could  use  its  hands 
for  performing  acts  of  precision  and  intricate  prehen- 
sion, has  been  called  Man  (Homo).     When  we  study 

the  anatomy  of  this  new  animal,  we  find  it  has  certain 
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characters  and  qualities  which  became  familiar  t 
in  our  study  of  the  higher  apes.     It  has  a  nnmd  sknQ  I 
with  a  large  cranial  cavitj-.  containing  a  well-dc^loped,  1 
deeply  convoluted  brain  and  a  small  cerebellum,  wtick  I 
is  completely  overlapped  by  the  posterior  lobes  of  the  I 
brain  lying  abcn-e.     The  jan-s  are  but  slightly  promi- 1 
nent.  the  chin  rounded,  and  the  canine  teeth  small.  I 
The  thorax  is  well  formed.     The  ribs  number  twelrtl 
pairs.     The  ilia,  or  hip-bones  on  either  side,  are  broa^   ' 
and  expanded,  forming  a  wide  pelvis  and  giving  '^ 
large  sm^^ace  of  attachment  to  the  glutei  muscles  thai 
aid   him   in  maintaining  the  upright   position.      The 
arm  and  forearm  are  short  and  slender,  and  the  liand 
highly  de\-eloped.     The  muscles  of  the  thigli  and  leg 
are  thick  and  fleshy,  which  greatly  aid  him  in  upright 
locomotion.     The  foot  is  straight,  and  flat  on  its  under 
surface.     The  great  toe  lies   parallel    to  llie  straight 
bones  of  the  foot  instead  of  being  at  an  angle  from  tlie 
foot,  as  in  the  case  of  a  toe-thumb.     This  animal  c 
use  a  club  in  his  hands  with  dexteritj'  and  ease, 
could  construct  a  rude  shelter  for  himself  from  the  s 
and  rain.     His  food  con^sted  of  grains,  fruits, 
nuts,  and  he  could  gather  them  with  ease  by  the  t 
of  his  superior   intelligence,   his  habitually   upnglfl 
position,  the  use  of  his  mobile  hands,  and  his 
locomotion  made  pos.sible  by  his  straight  foot  wi 
flat  plantar  surface.      This  new  animal  —  this  i 
Homo — had  thick  lips,   curly  hair,  and  a  i-erj-  blac 
skin.     The  appearance  of  such  an  animal  at  once  e 
cites  our  interest  and  leads  us  to  inquire  from  \ 
preceding  form  was  he  descended  :    what   previots 
existing  animal  was  his  progenitor. 

The  answer  is  simple.     There  was  but  one  i 
from  which  he  could   have    descended — that  ws 
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great  man-like  ape,  the  gorilla,  of  equatorial  Africa. 
If  this  is  true,  and  scientists  generally  admit  its  truth, 
what  special  causes  sprang  into  activity  to  transmute 
such  an  animal  as  the  gorilla — a  man-like  ape — into 
what  probably  was  at  first  an  ape-like  man  ? 

These  causes  were  many  and  distinct. 

We  have  already  seen  that  this  great  ape,  the  gorilla, 
dwelt  in  the  thick,  sombre,  tropical  forests  of  equato- 
rial Africa,  and  that  his  food  consisted  of  fruits  and 
nuts.  To  obtain  these  for  his  daily  needs  he  was 
obliged  to  ascend  into  the  trees  to  get  them,  and  he 
was  therefore  by  necessity  an  arboreal  animal.  Such 
an  animal,  leading  a  life  among  the  trees,  had  a  special 
kind  of  labor  to  perform,  and  under  the  law  of  the 
adaptiveness  of  nature^  a  special  development  of  the 
jaws,  arms,  chest-muscles,  and  a  prehensile  foot  with  a 
toe-thumb  followed  as  a  natural  result.  In  this  condi- 
tion as  a  tree-dweller  he  remained  for  a  long  period  of 
time. 

In  the  coturse  of  the  ages,  however,  the  gorilla  be- 
gan to  diverge  in  his  anatomical  structure  in  obedience 
to  the  law  of  advancing  development,  and  the  higher 
needs  of  the  animal  induced  by  the  new  conditions 
imposed  upon  him  by  migration,  which  led  to  newer 
habits  and  diflFerent  modes  of  life,  and  a  change  in  the 
nature  of  his  food.  All  these  have  been  proved  to  be 
powerful  factors  in  the  problem  of  the  evolution  of  life. 
While  the  gorilla  remained  an  arboreal  dweller  in  the 
great  African  forests  lying  under  the  equator,  he  must 
continue  to  be  only  a  gorilla  indefinitely.  No  higher 
development  could  be  possible  under  his  old  forestine 
conditions.  But  a  slight  northward  migration  away 
from  his  former  scenes  induced  a  structural  change 
immediately  by  bringing  him  under  the  influence  of  a 
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newer  mode  of  life.     Above  the  tenth  degree  of  noi 
latitude  a  uew  condition  of  life  is  met  with.     At 
geographical  point,  the  climate  begins  to  change, 
uew  food-products  are  found  in  rich  abundance.    These 
are  the  mango,  banana,  date,  maize,  and  rice. 

The  migration  of  the  gorilla  from  his  sequestered 
forestine  home  to  more  open  lands  and  distant  places 
at  once  and  inevitably  induced  a  special  change  ii 
bodily  structure.  Tbe  toe- thumb  being 
needed  frir  arboreal  prehension,  imder  the  uew  Stimi 
of  locomotion  on  open  and  uneven  ground,  soon  lost 
opposability  and  ultimately  assumed  a  position  paralli 
to  the  other  toes,  and  in  time  a  straight,  e\-en  foot  with 
a  flat  plantar  surface  followed  as  a  natural  result. 
At  tbe  same  time,  as  the  result  of  long-continued 
cise  upon  open  ground,  a  greater  development  of 
muscles  of  tlie  hip,  thigh,  and  leg,  namely,  the  gli 
pso:e.  iliaci,  and  ga-strocnemii  muscles,  would  ni 
sarily  take  place,  until  finally,  through  the  iufluences 
of  migration  and  tbe  transmi.ssion  of  these  new  quali- 
ties to  favored  successors,  a  newer  form  of  animal  would 
be  evolved,  having  a  perfectly  erect  position,  a  straigl 
flat  foot,  with  five  paralk-l  toes. 

His  new  food  also  exerted  a  powerful  influence. 
The  date  and  banana,  which  are  produced  by  nature  in 
such  inexhaustible  quantities,  and  which  are  so  palat- 
able and  nutritious  as  articles  of  food,  had  muclt  to  do 
in  changing  the  anatomical  structure  of  the  gorilla. 
These  two  fruits  were  abundant  and  easily  obtained, 
and  this  easy  accessibility  had  an  influence  in  shorten- 
ing IJie  arm  of  the  uew  upright  gorilla-man. 
could  reach  them  witli  but  little  effort,  as  the 
banana  grows  on  a  low  stalk,  and  the  still  richer 
drops  into  his  hand,  and  no  longer  needing  to  s' 


m 


ong^^_ 
mull^H 
oslifl^l 
irall^^ 
t  with 
■esult. 
L  exer-.^^ 
of  tlMH 

ghitd^l 
neoefl^H 

*s 

■li- 

dd 

i 


Post- Tertiary  Period,  421 


his  heavy  body  among  the  trees  by  his  arms  in  search 
of  food,  they  shortened  slowly  by  the  simple  but  inex- 
orable law  oi  disuse.  The  powerful  prognathous  jaws 
hitherto  so  useful  in  tearing  asunder  the  thick  and 
toughened  rinds  of  his  former  fruits,  now  gradually 
rounded  and  shortened  through  the  atrophy  of  disuse, 
because  his  new  food  no  longer  required  a  strong  mus- 
cular eflfort  to  fit  it  for  his  needs.  Nature  now  did  for 
him,  without  effort  on  his  part,  what  he  was  formerly 
obliged  to  do  for  himself  with  slow  and  painful  labor. 

The  northerly  migration  of  the  gorilla  produced  an 
effect  strong  enough  to  change  the  shape  of  his  leg  and 
fixjt,  so  he  could  walk  in  an  upright  position,  through 
the  development  of  the  muscles  of  his  hip  and  thigh. 
It  shortened  his  arm  and  jaw,  and  rounded  his  skull. 
These  changes  were  followed  by  another  of  immense 
importance — namely,  that  of  increasing  the  size  of  his 
cerebral  hemispheres  by  confronting  him  with  an  ele- 
ment of  danger.  When  he  found  in  the  more  northerly 
regions  to  which  he  migrated  a  greater  supply  of 
easily  obtained  and  nutritious  food,  he  also  found  him- 
self face  to  face  with  new,  dangerous,  and  destructive 
enemies  who  at  once  menaced  his  safety.  These  were 
the  ferocious  lion,  panther,  leopard,  and  python. 

In  undergoing  the  changes  necessar>'  to  transmute 
the  gorilla  to  the  gorilla-man,  and  finally  to  a  man,  he 
lost  some  of  his  immense  muscular  strength  and  his 
former  ferocity  of  disposition. 

To  compensate  for  these,  and  to  secure  his  safety,  he 
must  use  strategy  and  intelligent  cunning  to  protect 
himself  against  his  newly  found  enemies.  He  must 
invent  weapons  of  defence,  and  this  requires  a  develop- 
ment of  inventive  genius,  and  this  again  requires  a 
development  of  the  cortex  or  gray  matter,  which  is  the 
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thinking  pari  of  the  brain.  In  this  way,  under  tin 
stimulus  of  its  new  use,  the  brain  of  the  gorilla  duriiq 
its  transition  period  to  a  gorilla-man,  underwent  de 
velopmental  changes,  until  finally,  little  by  little,  il 
the  course  of  the  ages,  this  organ  became  so  highly 
specialized  as  to  ultimately  enable  him  to  place  him 
self  at  the  head  of  the  animal  kingdom,  and  dominaU 
over  the  world. 

Perhaps  future  researches  in  the  sequestered  regia 
of  equatorial  Africa  may  reveal  to  the  patient  labore 
the  fossil  remains  of  these  transition  fonns,  or  gorilla 
men.  But  even  if  no  such  transition  forms  are  ev* 
discovered,  the  great  laws  of  evolution  will  stand  a 
solid  truth.  These  early  gorilla-men  were  necessaril; 
savage  and  bestial,  but  both  iu  fonn  and  intellect  were 
considerably  in  advance  of  their  simian  progenitors. 
Their  skins  were  intensely  black,  partly  through  trans- 
mission from  the  gorilla,  of  this  special  pigmented  con- 
dition, and  partly  through  the  long-continued  eSectt 
of  a  burning  tropical  sun  whose  caloric  rays  acte 
strongly  upon  the  dark  pigment  matters  of  the  skiSj 
Their  heads  were  probably  covered  with  short  wooQ] 
hair.  The  jaws  were  developed  into  a  more  roundm 
shape,  but  were  still  somewhat  prominent, 
nathous. 

There  can  scarcely  be  a  doubt  that  the  vast  regioi 
of  tropical  Africa  lying  slighUy  northward  of  tb 
equator  was  the  favorable  locality  where  tlie  gorilla 
after  emerging  from  the  dense  forests  bordering  til 
equatorial  line,  undenvent  those  structural  changt 
that  transmuted  him  into  a  pigmy-like  man,  or 
gorilla-man,  and  finally  to  a  black  man. 

These  changes  of  form  were  induced  by  the  infli 
euces  above  described,  and  acted  for  a  long  period  a 
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time.  We  can  easily  understand  how  in  the  first 
instance  some  bold,  lusty  gorilla  wandered  away  fi-om 
his  ancestral  forests,  followed  by  a  few  who  regarded 
him  as  a  leader,  and  in  more  northerly  regions  found  a 
new  and  more  congenial  habitat.  Here,  amid  abtm- 
dant  and  nutritious  food,  and  a  life  on  more  open  land, 
a  change  in  the  shape  of  some  of  his  anatomical  organs 
took  place  inevitably,  and  without  any  knowledge  of 
such  change  on  his  part.  When  a  gorilla  found  him- 
self  in  the  course  of  time  with  a  straighter  leg  and 
a  flatter  foot,  he  naturally  consorted  with  a  gorilla 
having  like  qualities,  and  this  resulted  in  a  trans- 
mission of  these  qualities  from  parent  to  oflfepring. 
The  gorilla  was  entirely  unconscious  of  such  changes 
that  were  taking  place  in  him,  but  they  did  take  place 
little  by  little  until  a  new  animal  was  finally  formed. 

According  to  this  view,  which  seems  to  me  to  admit 
of  no  doubt  whatever,  the  extensive  and  agreeable 
region  of  tropical  Africa  lying  north  of  the  equator 
was  the  only  place  where  man  first  appeared  upon  the 
earth.  After  his  evolution  from  a  simian  ancestor  by 
the  processes  of  anatomical  change  of  structure  above 
described,  and  in  that  special  locality  of  tropical 
Africa,  he  henceforth  underwent  gradually  other 
changes  in  his  bodily  structure.  These  changes  at 
first  were  a  greater  development  of  brain  substance, 
and  a  modification  in  the  shape  of  the  tongue  to  fit  it 
for  the  function  of  articulate  speech.  We  can  easily 
imagine  that  the  earliest  forms  of  men  had  a  very 
imperfect  method  of  intercommunication.  The  tongue 
was  long,  thin,  and  flat  to  fit  the  prognathous  jaws. 
As  these  rounded  and  shortened,  the  tongue  also 
rounded  and  shortened,  and  became  more  muscular 
and  flexible.     This,  with  the  development  of  the  mo- 
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bile  lip  on  the  rounded  jaw,  made  inteUigent  speeds 
gradually  possible. 

Of  the  ultimate  development  of  speech  and  langtm^ 
we  have  uothing  to  do.  Our  task  lies  in  studyiu] 
evolution  of  the  organs  of  speech,  which  are  pnno- 
pally  a  properly  shaped  tongue  and  rounded  moM« 
lips.  The  development  of  these,  and  of  the  motor  and 
sensitive  nerves  that  supplied  them,  advanced  sim^l^ 
taueously  with  the  slow  development  of  the  brain. 

As  ideas  arose  in  the  brain,  the  tongue,  acted  up** 
by  the  nerves,  expressed  them,  and  the  hands  executed 
them. 

When  the  evolution  of  man  had  advanced  to  a 
point  where  he  could  propagate  his  own  species,  an 
transmit  to  his  successors  his  human  qualities,  the  ii 
crease  of  this  human  animal,  black  and  savage,  bttf 
erect  and  inlelligent,  advanced  rapidly. 

He  continued  his  northward  migrations  little  by 
little.     Experience  and  accident  taught  him  much. 

As  he  pushed  his  way  towards  the  north  by  slow  an 
perhaps  painful  stages,  requiring  ages  to  accompli^ 
the  journey,  a  time  came  at  last  when  he  reached  tb 
temperate  regions  borderingupon  the  Mediterranean  Sel 
Here  a  new  and  strange  condition  of  things  presentQ 
themselves.  The  cooler  and  more  temperate  climat 
slowly  bleached  his  skin  and  straightened  his  haiTi 
He  found  here  the  date  in  profusion,  and  cereal  graini 
both  abundant  and  nutritious  as  food.  The  use  of^ 
to  cook  the  latter  could  not  have  been  knou-n  to  hill 
until  discovered  by  accident.  We  can  easily  see  tha 
in  his  domestic  acts,  or  those  of  warfare  against  dai 
gerous  beasts,  he  might  strike  fire  accidentally  from! 
stone.  Such  a  new  and  strange  element  would  vef 
naturally  fill  him  with  astoni.shment,  and  lead  him  1 
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repeat  the  experiment.  Once  discovered,  it  became 
ever  after  a  powerful  ally  to  him. 

We  can  understand  how  man  in  his  slow  migrations 
reached  in  time  the  valley  of  the  Nile,  and  finding 
there  a  congenial  climate,  a  well-watered  and  fertile 
soil,  and  the  conditions  of  life  favorable,  he  remained 
there  for  ages  until  his  experience,  acquired  little  by 
httle,  led  him  to  found  the  early  rude  civilization  of 
Egypt,  and  the  also  rude  civilizations  of  Southwestern 
and  Southern  Asia,  and  the  later  and  higher  civilizations 
of  Greece  and  of  Rome.  Such  an  advance  from  the 
lowest  primitive  savagery  to  the  high  civilization  to 
which  Egjrpt,  Greece,  and  Rome  attained,  was  neces- 
sarily very  slow  and  painful.  It  required  a  vast  lapse 
of  time  for  the  gorilla  to  emerge  from  his  equatorial 
jungle,  and  undergo  the  anatomical  changes  necessary 
to  transmute  him,  first  to  a  transition  form  or  gorilla- 
man,  and  finally  to  a  man.  This  evolution  of  a  man 
from  an  ape  could  never  have  taken  place  had  the  ape 
remained  stationary  in  his  native  forests.  Migration 
to  other  scenes,  to  different  climates,  and  to  new  con- 
ditions of  life  were  needed. 

Having  changed  to  a  man  through  the  influences 
brought  to  bear  upon  him  by  migration,  it  required 
another  vast  lapse  of  time  before  he  could  learn  even 
the  lower  and  ruder  arts  of  clothing  his  nakedness,  of 
cooking  his  food,  and  of  constructing  for  himself  a 
place  of  shelter. 

We  can  well  understand  that  an  enormous  period  of 
time  must  have  elapsed  from  the  moment  when  the 
primitive  black  man  first  reached  Northern  Africa, 
rude,  naked,  and  savage,  with  no  speech  except  a  few 
guttural  sounds,  with  no  arts  except  the  art  of  using  a 
rude  and  simple  weapon   to   defend   himself  against 
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wild  beasts,  and  the  accidentally  discovered  art  of  uang 
fire,  whose  evolution  and  descent  from  his  gorilla  an- 
cestor was  then  a  matter  of  comparatively  short  ages 
before— down  to  the  period  when  he  had  advanced 
sufficiently  in  his  intellectual  development  to  build  the 
vast  cities  of  Memphis,  Thebes,  and  I^uxor,  and  le 
lay  the  foundations  of  the  mighty  Pyramids,  and  thence 
onward  in  his  career  to  the  later  age.  when  in  the  ctiy 
of  the  Seven  Hills  he  could  don  the  imperial  purple.  anJ 
as  master  of  the  world  give  laws  to  mankind,  and  lead 
to  distant  conquests  the  well  disciplined  and  invincible 
Roman  legions. 

The  gap  of  time  between  a  primitive  black  savi 
and  a  Commodas  was  indeed  immense. 

After  these  primitive  men  had  reached  the  valley 
the  Nile,  and  made  the  earliest  settlement  of  that  fer- 
tile regioii,  some  of  the  bolder  and  more  adventurous 
of  these  savages  penetrated  into  the  wilds  of  Europe 
and  nltimatelv  reached  its  most  northern  parts.  Oth( 
invaded  Asia,   and    in    the  course    of  ages    fouii 
Chinn.  India,    Japan,    and  gave  rise  to  the  nomi 
tribes  and  pastoral  hordes  that  lived  in  the  central 
northern  parts  of  that  vast  region. 

It  only  required  a  sufficient  length  of  time  for  th< 
hordes  of  savage  men  to  overrun  the  whole  of 
great  countr>-.  As  they  slowly  pushed  their 
northward,  they  reached  in  time  the  Asiatic  border 
Behring's  Sea.  They  then  crossed  into  North  Amerii 
over  that  narrow  strip  of  ocean,  and  gradually  ov 
ran  our  western  border,  going  as  far  eastward  as 
is  now  known  as  Ohio.  They  theti  diverted  th( 
course  and  went  to  Mexico  and  Central  Amei 
Here  they  left  nural>ersofmen,  who  eventually  founi 
those  tril>es  that  in  later  times  became  the  shadi 
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cave  dwellers,  cliflF  dwellers,  and  mound  builders. 
Still  later  they  settled  in  Yucatan,  Honduras,  and 
other  points  in  Central  America,  and  founded  those 
semi-civilizations  whose  ruins  we  now  occasionally 
find,  and  whose  magnitude  and  intricacy  fill  us  with 
astonishment.  Passing  onward  over  the  Isthmus  of 
Darien,  these  migratory  primitive  men  penetrated  into 
South  America,  following  the  fertile  western  border  of 
that  continent.  Here  they  ultimately  founded  a  rude 
settlement,  which  afterwards  became  the  empire  of  the 
Incas.  Their  extreme  southerly  migrations  resulted 
during  many  ages  in  nothing  higher  than  rude  savagery 
and  cannabalism. 

This  new  animal,  man,  was  restless,  aggressive,  mi- 
gratory, and  conquering.  His  large  brain,  his  upright 
form,  his  mobile  tongue,  and  his  active  and  pliant  arm, 
now  trained  to  the  use  of  tools  and  weapons,  admirably 
fitted  him  to  penetrate  into  the  most  distant  regions  of 
the  earth  and  become  final  master  over  all  other  forms 
of  animal  life. 

From  Southern  Asia  his  way  was  easy  to  the  adja- 
cent islands  of  the  great  Eastern  Archipelago,  and 
thence  onward  to  the  continental  island  of  Australia. 
Deep  intervening  seas  were  no  barrier  to  him,  for  his 
brain  was  adequate  to  the  task  of  finding  means  to 
transport  himself  to  those  inviting  islands  that  so 
thickly  dot  that  pleasant  sea,  and  which  lay  so  near  to 
his  sight  as  to  stimulate  his  curiosity  and  his  desire  to 
visit'  them. 

The  means  to  achieve  new  territorial  conquests  once 
acquired  made  these  new  conquests  easy  to  his  ambi- 
tious zeal. 

The  difierences  in  the  races  of  men  are  due  almost 
solely  to  the  effects  of  climate.     If  the  primitive  black 
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man  had  remained  in  tropical  Africa,  he  would  always 
have  beeu  a  black  man.  As  he  reached  the  temptnte 
zones  of  North  Africa  and  tlie  neighboring  countries, 
his  skin  bleached  a  little,  and  he  became  yellow. 
Sontbem  Asia  his  hue  was  still  yellow.  In  Malayaa 
he  darkened  again,  and  this  tint  he  preserved  in 
northern  tropical  Australia.  In  India  he  assumed  i 
red  or  copper  hue.  and  this  color  was  found  in  tla 
savages  that  inhabited  North  America.  In  Mexico, 
Central  and  South  America  Ihey  darkened  again.  iD 
Kurope  the  skin  gradually  became  white  in  the  dest 
and  cold  air  of  those  latitudes. 

The  men  that  permanenlly  remained  in  Europe  and 
ultimately  lost  the  dark  coloring  matter  of  their  skins, 
and  became  white,  through  the  influences  of  climate, 
became  in  lime  the  dominant  race. 

By  their  intelligent  etiergj-  the  higher  problems  of  ». 
refined  and  scientific  clviliiatiou  have  been  slowly 
worked  out. 

The  difference  between  these  higher  and  later  civil- 
ized men  and  the  primitive  men  is  immense,  and  thi 
difference  again  between  the  primitive  man  and  hu 
anthropoid  ancestor  is  just  as  great.  We  need  not  \<xhi 
for  intermediate  or  transition  forms.  The  evolution  o£ 
man  from  hts  simian  progenitor  was  extremely  slcqt 
and  gradual. 

As  man  stands  at  the  head  of  the  long  line  of  animai 
forms  that  liavc  successively  appeared  upon  the  eartbi 
is  he  to  remain  there,  or  will  there  arise  some  time  iB 
the  remote  future  a  newer  and  more  advanced  type  of 
life  as  the  product  of  the  law  of  evolution  ? 

Is  this  great  law.  by  whose  orderly  operation  d 
forms  of  life,  from  the  little  protoplasmic  cell  of  ^ 
Silurian  age  to  Quatemarj-  man,  have  been  sloi^ 
evolved,  still  in  operation  ? 
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Are  animal  forms  still  slowly  changing  to  new  and 
liigher  forms?  Are  new  animals  coming  upon  the 
earth? 

The  answer  can  be  safely  given  as  No.  The  pro- 
cesses of  evolution  require  for  their  operation  certain 
favorable  conditions  of  the  earth,  such  as  were  present 
in  the  ages  prior  to  the  late  Tertiary  period  and  the 
Glacial  epoch.  From  the  Silurian  age  to  that  time  in 
the  Tertiar>'  age  when  the  great  mountain  ranges  were 
uplifted,  the  surface  of  the  earth  was  admirably  fitted 
for  the  various  forms  of  life  as  they  successively  ap- 
peared. In  the  Silurian  era  the  quiet  seas  and  the 
warm  and  partially  obscured  air  were  well  adapted  for 
the  evolution  and  development  of  vast  numbers  of  pro- 
tozoan and  molluscan  forms  of  life.  The  Devonian 
seas,  warm,  quiet,  and  abounding  with  myriads  of  pro- 
tozoans, gave  a  congenial  home  to  the  great  fishes  that 
appeared  in  that  age. 

The  Carboniferous  period,  with  its  vast  forests, 
made  reptile  life  first  possible,  and  in  the  succeeding 
Triassic,  Jurassic,  and  Cretaceous  periods  these  great 
animal  organisms  found  the  conditions  of  life  so 
favorable  that  they  developed  rapidly  into  newer,  more 
divergent,  and  more  highly  specialized  forms. 

At  this  period  in  its  history  the  earth  had  so  far  pro- 
gressed in  its  geological  development  as  to  offer  rich 
and  extensive  pasturages  to  great  numbers  of  mammals 
that  appeared  in  the  Eocene,  the  Miocene,  and  the 
Pliocene  divisions  of  the  great  Tertiary  period.  During 
the  slow  and  reg^ar  progress  of  these  immensely  long 
periods  of  time,  the  earth  was  a  rich  and  almost  bound- 
less natural  storehouse,  where  food  was  abundant  and 
easily  obtained,  and  the  air  warm  and  clear,  and  the 
conditions  of  life  easy.  Ever/thing  was  favorable  to 
the  evolution  and  development  of  varied  and  exuberant 
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fanns  of  fife ;  and  the}'  appeared  accordingly.  The 
Glacial  period,  following  the  npheaval  of  the  gn^ 
mfiiiiHani  sj-stems.  served  as  a  partial  check  t 
pfOMSses  of  ev-oIuUon.  WTien  man  emerged  from  hi) 
simiaii  ancestor^.,  there  was  only  a  restricted  zone  of 
the  caith  vbdc  bi^  evolution  was  possible,  and  when 
he  iocreased  id  such  numbers  as  to  overran  the  earth, 
hi»  destractiTe  tendencies  pat  an  eficctuiil  stop  to  ao; 
fiirtbo-  e\-olnbon  of  life- 

In  later  ages,  when  conqaest  and  cotnmerce  led  hiO 
to  %isit  distant  places,  and  when  his  sharp  and  prac- 
tical civilizatioa  extended  itself,  all  forms  of  life  tliat' 
were  dangerous  to  his  safety,  or  that  could  not  subsem 
his  needs,  wen  destroyed,  as  unless  encumbrances. 
These  destmcti%'e  tendencies  are  stilt  in  active  opet» 
tion.  As  man  brings  under  bis  civilizing  hand  n 
and  more  of  the  earth's  sur&ce,  all  animal  life  that  J 
iwt  tiseful  to  him  will  disappear,  partly  from  the  ii 
stinctive  and  tiatnral  dread  that  animals  feel  in  tb 
presence  of  man.  and  partly  through  the  relentlea 
warfare  waged  upon  them  by  man  for  their  extemd 
nation. 

A  timiliar  example  of  this  dcstructioD  of  animal  li 
has  been  w4tnessed  in  our  own  country,  Formci 
North  America  was  the  home  of  the  copper-hued  I 
dian.  the  bison,  elk,  deer,  wolf,  fox,  beaver,  and  n 
other  lesser  forms.  WTien  the  white  man  came 
and  introduced  industrial  arts,  and  began  to  till  tA 
soil,  a  warfare  at  once  sprang  into  activity.  Civilia 
tion  extended  itself  in  many  ways.  The  railway  wa 
the  prime  civilizer,  and  before  its  influence  all  wild  an 
useless  animal  life  found  here  was  rapidly  and  necesstf 
rily  destroyed.  Vain  and  sporadic  efforts  have  bee 
made  to  stop  this  destruction.     But  its  continuance  i 
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inevitable  and  inexorable  until  all  forms  of  life  not 
useful  to  man  are  totally  exterminated. 

Savage  men  and  savage  beasts  are  an  obstacle  to  the 
progress  of  industry  and  refinement,  and  before  the 
steady  advance  of  these  higher  influences  the  savage 
and  useless  element  must  give  way. 

The  march  of  human  progress  is  steadily  and  ever 
onward.  No  attempt  to  stop  it  can  be  permanently 
successful.  An  endeavor  to  preserve  a  useless  race  of 
any  form  of  animal  life,  whether  from  sentiment  or 
from  a  hope  of  its  ultimate  use  to  mankind,  will  restdt 
in  complete  failure. 

The  evolution  of  man  marked  a  new  era  in  the 
geological  history  of  the  earth.  His  special  anatomical 
structure  fitted  him  to  compel  to  his  use  the  lower 
members  of  the  animal  kingdom  of  which  he  is  a 
part. 

While  the  earth  supported  in  former  ages  millions 
of  animals,  man  numbers  at  the  present  time  many 
hundreds  of  millions,  and  the  capacity  of  the  earth  to 
support  these  has  hardly  yet  been  touched. 

Only  one  fourth  part  of  the  earth's  surface  is  land, 
the  remaining  three  fourths  is  ocean.  Of  the  land 
area,  a  large  part  is  occupied  by  mountain  ranges,  by 
arid  tracts,  or  covered  by  perpetual  snow,  and  is  thus 
useless  to  man.  The  extent  of  land  which  is  useful  to 
him,  either  as  a  habitat  or  for  tillage  purposes,  is  com- 
paratively small.  Yet  limited  as  its  area  is,  it  is  still 
sufficient  to  support  a  population  many  times  greater 
than  it  now  is. 

Only  a  small  part  of  Asia  is  occupied  by  man. 
Africa  is  practically  uninhabited  except  a  restricted 
area  along  its  northern  border.  The  vast  islands  of 
Malaysia  are  only  occupied  by  a  handful  of  men. 
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AS- 

S<outh  Amcnca  stretches  away  in   fertile  solitude,  1 
except   here  and  there   a   small   spot  of  scttlemeoL 
North  America  can  add  to  her  seventj-  milliona  n 
than  ten  times  that  number,  and  support  them  all  I 
OLbandaally. 

Many  ages  mast  elapse  before  the  resources  of  the 
earth  an  exhausteil.  \'ast  areas  of  land  in  hs&. 
Alrica.  Nivth  and  South  America  are  arid,  and  at 
poc^nt  usclos.  As  |xkpulatioits  increase  and  extenil 
OWBMihffts  OKw;  uml  more  over  the  eartli.  these  ariil 
TtgmBWill  be  hnMlght  under  cultivation  by  means  of 
irrigstion,  and  tnuisfbmicd  from  a  desert  to  a  garden 
oapaUc  of  sustaining  many  millions  of  men. 

As  scktm,  art,  and  educstion  are  more  generally 
extvndcd  and  understood,  the  condition  of  men  will  be 
tuif«\>\'cil,  and  greater  ease  and  happiness  will  be  the 
restih.  In  early  ages,  nrben  ignorance  was  dense,  and 
the  arts  were  of  a  rude  and  simple  character,  the  con- 
<litions  of  life  were  mnch  hanler.  As  men  migrated  to 
Ute  cuhlcr  aud  more  inhospitable  r^ons  of  the  earth, 
their  lack  of  knowletlgc  and  want  of  experience  mili- 
tated se\'epcly  against  them,  and  they  accordingly 
saflenxl  (h>m  {ni\-;itiuas,  disease,  and  the  want  of 
ptwpcr  care.  The  evolution  of  intellect  re\'o]ution- 
iie^l  slowly  and  steadily  the  condition  of  mankind, 
modem  times  three  discoveries  ha\'e  enormously  i 
\Tuiccd  the  weUatv  and  tlic  comfort  of  the  world,  i 
made  the  present  centnr>-  the  most  highly  advanced  q 
any  since  the  appearance  of  man  upon  the  < 
These  arc  the  discoverj-  of  the  forces  of  steam, 
electricity,  and  of  chloroform.  By  the  aid  of  the  fi 
the  heav>-  work  of  the  world  is  done,  and  tram 
tion  to  distant  places  is  accomplished  with  celerity  a 
comfort. 
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While  the  steam-engine  is  patiently  and  untiringly 
doing  the  drudgery  of  the  world  mankind  is  improving 
its  condition  and  moving  to  a  higher  plane  of  civiliza- 
tion and  refinement. 

Electricity  that  has  done  so  much  for  our  comfort  and 
enlightenment  is  only  in  its  infancy.  We  cannot  yet 
tell  what  that  subtle  force  has  in  store  for  us  in  the 
fiittire — ^thatym^  that  so  closely  resembles  that  other 
force  we  call  life.  While  steam  and  electricity  are  of 
such  incalculable  value  to  us,  the  third  force — chloro- 
form— takes  an  equal  rank.  Both  the  body  and  mind 
of  man  are  quickly  conquered  by  pain,  whether  this 
results  fix)m  accident  or  disease.  The  processes  of  in- 
tellect and  muscular  activity  must  cease  when  the  body 
su£krs  pain.  The  mighty  power  of  steam  and  the 
wonderful  forces  of  electricity  must  lie  dormant  and 
useless  if  the  brain  and  the  hand  of  man  are  paralyzed 
with  pain.  Under  the  benign  influence  of  this  won- 
drous drug  pain  ceases  and  the  surgeon's  knife  is 
robbed  of  its  terrors.  A  little  of  its  subtle  vapor  lulls 
the  sufferer  into  a  quiet  sleep  fi-om  which  he  awakes  free 
from  the  trouble  that  agonized  his  body  and  menaced 
his  life.  It  is  the  triumphal  master  over  many  forms 
of  disease.  These  three  forces  have  done  more  than  all 
others  to  benefit  mankind.  Their  discovery  was  a 
veritable  triumph  of  human  intellect. 

The  exuberance  and  over-populousness  of  animal 
life  on  the  earth  has  been  regulated  and  held  in  check 
by  the  operation  of  several  influences.  The  lower 
organisms  that  have  been  so  prolific  in  their  reproduc- 
tion have  been  preyed  upon  by  the  higher  orders  of 
animals  who  used  them  as  food.  Every  species  of 
animal  has  found  a  destructive  enemy  in  some  other 

species  of  animal,  and  this  process  of  one  animal  prey- 
28 
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ing  upon  another  has  served  in  all  ages  as  an  efectual 
check  upon  the  over-production  of  any  one  species. 

When  man,  after  his  evolution,  became  the  dominant 
animal  there  was  no  other  or  Iiigher  animal  to  hold  in 
check  the  rate  of  his  increase.  If  his  reproduction  was 
to  be  regulated  iind  repressed  when  it  became  too  exu- 
berant some  diiferent  influences  from  those  that  operated 
upon  Uie  lower  :mimal  world  must  be  brought  into 
activitj'.  Such  influences  were  quickly  set  in  operation. 
They  were  three  in  number ; 

First.     His  interna!  destructive  warfare. 

Second.     The  ravages  of  disease. 

Third.     His  own  individual  vices. 

As  man  migrated  to  distant  places  and  settled  there, 
and  in  time  received  the  local  impress  of  climate  and  of 
special  habits  and  modes  of  life,  he  diverged  in  his 
superficial  characters  and  became  a  tribe  or  commimity 
by  himself,  with  his  own  local  ideas,  interests,  preju- 
dices, and  ignorances.  He  learned  to  regard  himself 
with  complacency  and  his  neighbor  with  hostihty  and 
contempt. 

If  he  saw  his  neighbor's  couditiou  better  than  his 
own  his  cupidity  and  covetous  nature  was  aroused,  and 
he  sought  to  possess  himself  bj'  force  of  what  was  not 
his  own.  *  Tliis  at  once  led  to  warfare,  and  a  destruc- 
tion of  life  followed. 

These  early  tribal  quarrels,  incited  by  local  petty 
jealousies,  where  the  rights  of  others  were  little  under- 
stood and  less  cared  for,  had  the  effect  of  keeping  in 
check  the  progress  of  these  primitive  men.  In  later 
ages,  when  tradition  began  to  be  followed  by  cloudy 
historj',  the  destruction  of  the  human  race  was  still  fur- 
ther carried  on  by  the  influences  of  sectarian  zeal,  by 
piracy,  by   conquest   and   pillage,   and   by   ci\-il   war. 
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These  influences  were  so  potent  and  so  destructive  that 
their  effiects  have  been  seen  several  times  in  a  visible 
diminution  of  the  human  race. 

The  ravages  of  disease  have  also  acted  as  a  powerful 
check  upon  the  increase  of  mankind.  As  people  ag- 
gregated into  communities  and  nations  and  lived  in 
close  contiguity  they  were  often  ignorant  or  unmind- 
ful of  sanitary  laws,  and  in  consequence  they  suffered 
severely  from  sporadic  or  epidemic  disease.  It  may  be 
stated  generally  that  disease  is  the  result  of  some 
poisonous  principle  introduced  into  the  human  body 
from  some  sturounding  source,  and  that  when  once 
introduced  it  causes  a  degeneration  and  destruction 
of  vital  tissues.  These  necrotic  influences  are  nmu 
well  understood  and  can  be  combated  with  great  suc- 
cess by  the  administration  of  proper  drugs.  But  in  the 
earlier  ages,  now  under  consideration,  the  art  of  medi- 
cine was  imperfectly  understood,  and  disease  once 
established  made  fearful  and  destructive  ravages. 

The  vices  of  men  have  had  a  certain  economic 
value. 

It  is  now  well  understood,  and  was  as  true  in  the 
earliest  ages  as  now,  that  the  vices  of  men  were  the 
result  in  a  greater  or  less  degree  of  a  peculiar  condition 
of  disease.  Men  who  are  habitual  criminals,  or  who 
are  cruel  and  vicious,  or  who  have  an  ungovernable 
craving  for  intoxicants,  are  generally  the  victims  of 
cerebral  disease,  and  lack  the  mental  balance  necessary 
to  make  them  sound  and  responsible  beings.  It  is 
from  the  ranks  of  these  classes  that  the  insane  are 
largely  recruited.  When  criminals  prey  ruthlessly 
upon  society  human  laws  operate  to  check  them,  and 
they  are  confined  or  executed,  and  thus  removed  from 
doing  farther  harm. 
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If  they  allow  uiirestrained  action  to  thdr  vidons  or 
intemperate  habits,  the  asylum  or  the  grave  ends  their 

So  ill  this  way  the  vice&  of  men .  when  freely  indulgfd 
in.  act  as  a  check  upon,  them  by  shortening  or  ending 
their  lives. 

The  three  influences,  then,  of  war.  of  disease,  andof 
vice,  act  as  powerful  checks  Upon  the  too  rapid  incTCSM 
of  the  human  animal. 

These  influences  have  in  past  ages  acted  with  such 
baleful  and  malignant  force,  as  on  several  occasions  to 
seriously  affect  the  welfare  of  mankind. 

Thus  in  the  reign  of  the  Roman  Emperor  Justinisn,, 
A.D.  527-565,  the  combined  influences  of  war.  famine,! 
and  pestilence  caused  a  destruction  of  nearly  one  hun- 
dred millions  of  human  lives,  and  depopulated 
the  fairest  provinces  of  the  earth. 

The  enlightenment  of  modem  times,. and  the  univer- 
sal spread  of  education  and  of  science,  will  put  a  stop 
to  these  terrible  conditions  that  so  grievously  oppress 
the  world,  and  men  will  live  longer  and  better  and 
happier,  when  wars  cease,  when  disease  is  control 
by  the  wise  physician,  and  when  vice  is  made 
attractive  by  placing  within  reach    of  the    vicious 
better  and  easier  condition  of  life. 

When  selection  exerts  its  infltiences  upon  men, 
they  are  made  wiser,  better,  and  healthier  thereby, 
earth  in  her  broad  and  ample  domain  will  corafortal 
cradle  many  millions  of  her  children  that  now 
through  ignorance  and  its  attendant  evils. 

It  is  not  probable  that  man  will  undergo  any 
tomical    changes   of   form    in    the    future.     He 
undoubtedly  reached  the  highest  point  possible  in 
j(y«d««i/ development.     The  more  favorable  conditii 
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of  life  lie  will  enjoy  through  the  influences  of  scientific 
advancement  will  give  him  more  perfect  health,  and  an 
immunity  from  many  severe  and  dangerous  diseases 
that  now  a£9ict  him.  He  will  live  longer,  and  better, 
and  die  finally  of  purely  senile  changes  in  his  anatomy 
and  his  physiological  functions. 

But  that  any  new  or  diflFerent  animal  form  will  ever 
appear  is  so  improbable  that  we  are  safe  in  pronouncing 
it  impossible. 

No  such  structural  change  cotdd  take  place  except 
after  the  lapse  of  an  immense  period  of  time,  and  as 
man  is  now  constituted,  he  would  regard  any  change 
of  form  as  a  monstrosity,  and  destroy  it  as  useless. 

We  can  safely  assert,  however,  that  the  processes  of 
evolution  have  ceased,  and  that  no  new  animal  form 
will  ever  appear  upon  the  earth. 

In  this  practical  modern  age,  when  everything  is 
valued  according  to  its  real  use  to  man,  either  to  in- 
crease his  gains,  his  power,  his  health,  or  his  comforts, 
nothing  will  be  spared,  or  allowed  a  place  in  life,  that 
cannot  minister  to  his  wants. 

Only  such  animal  forms  as  he  can  use  to  increase  his 
profits,  his  pleasure,  or  his  vanity,  will  be  permitted 
to  exist.  All  others  will  be  gradually  destroyed,  as 
useless  to  his  needs,  or  dangerous  to  his  safety. 

The  time  is  not  far  distant  when  no  animal  will  be 
found  outside  a  menagerie,  who  cannot  be  utilized 
either  by  the  yoke  or  the  spit. 

Every  one  beside  must  give  way  ultimately  to  the 
civilizing  influences  man  is  slowly  but  surely  extending 
over  every  province  of  the  earth. 

When  we  see  the  great  number  of  fossil  remains  of 
animal  forms  that  have  come  down  to  us  from  remote 
past  ages,  and  study  also  the  m5rriad  living  forms  about 
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us,  from  the  gigantic  elephant  down  the  long  line  of 
life  until  we  reach  those  invisible  organisms  thai  5wann 
everywhere  about  us.  we  look  upon  some  of  them  as 
mere  frealcs  of  developnient,  and  think  that  the  law  of 
the  evolution  of  life  has  run  riot  in  the  profuaon  of 
forms  we  meet. 

Viewed  in  the  light  of  our  practical  modem  times. 
many  of  these  forms  seem  utterly  useless,  and.  as  far  as 
we  are  able  to  discover,  they  serve  no  possible  purpose 
iu  life.  And  it  is  no  doubt  true  tliat  they  are  u-seless, 
and  they  certainly  are  often  loathsome  and  dangerous. 
Their  existence  can  be  explained  only  on  the  ground 
of  the  intense  activity  of  vital  processes  and  the  rapid 
development  of  varying  forms  of  life  under  the  extremelj 
favoring  circumstances  of  abundant  food,  agreeable 
environment,  pleasant  climatic  conditions,  and  an  aU 
ity  to  protect  themselves  from  destructive  influences. 

Nature  is  always  profu.se.  She  produces  many  who 
few  are  needed.  She  was  so  in  those  far  distant  p 
ages  in  the  production  of  myriads  of  animal  fom 
both  of  divergent  and  of  closely  parallel  t>pes,  and  si 
is  so  to-day  in  the  production  of  many  of  the  low 
and  minute  forms  of  life. 

The  inferior  organisms  are  usually  enormously  prd 
lific— thus,  many  protozoans,  or  systemless  auimals, 
some  fishes,  insects,  and  those  repulsive  organisms 
grouped  under  the  name  of  vermin,  yield  vast  num- 
bers of  eggs — sometimes  many  millions — of  which  I 
greater  number  are  lost,  either  before,  or  immediate 
after,  incubation.  Out  of  the  immber  that  i 
destruction  enough  reach  maturity  to  contiiiiie  1 
species  upon  the  earth. 

In  speaking  of  the  vast  lapses  of  time  necessary^ 
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the  course  of  evolution  to  change  one  animal  form  into 
a  newer  and  more  highly  developed  form,  it  must  be 
understood  that  this  means  not  centuries  nor  thou- 
sands of  years,  but  millions.  No  visible  change  of 
form  can  take  place  in  animals,  except  by  artificial 
breeding,  in  any  period  of  human  history. 

It  requires  a  much  greater  length  of  time  to  produce 
even  a  slight  anatomical  change.  The  various  geologi- 
cal divisions  of  time  are  to  be  reckoned  as  each  of 
millions  of  years'  duration.  The  Azoic  age  must  have 
required  many  millions  of  years  before  the  earth  was 
cooled  down  to  an  encrusted  condition  to  fit  it  for  the 
formation  of  a  quiet  imiversal  ocean.  The  Silurian 
age  must  also  have  been  of  vast  length  to  develop  so 
many  forms  of  early  and  of  crustacean  life. 

The  Devonian  age  with  its  evolution  of  fishes,  the 
Carboniferous  age  with  its  formation  of  the  coal  meas- 
ures, the  Cretaceous  age  with  its  development  of 
reptilian  life,  the  change  of  these  into  mammalian  life 
in  the  Eocene,  Miocene,  and  Pliocene  ages  required  a 
prodigious  number  of  years  to  accomplish  such  im- 
portant changes.  The  evolution  of  the  great  apes  in 
the  Quaternary  age,  and  the  transmutation  of  these 
forms  into  man,  and  his  slow  progress  from  his  primi- 
tive state  to  even  an  early  stage  of  his  rudest  civiliza- 
tion, required,  we  may  safely  say,  millions  of  years 
more. 

So  that,  in  speaking  of  the  time  required  for  the 
geological  changes  that  have  taken  place  in  the  con- 
dition of  the  earth  itself,  and  the  contemporaneous 
changes  that  have  taken  place  in  the  animal  kingdom, 
from  the  primal  protoplasmic  cell  up  to  man,  we  must 
compute  it  as  many  millions  of  years. 
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An  apfnozimate  estimate  hM  placed  it  •■  i 
than  forty  milliotu  of  yean.    Wholtertliise 
anjrthing  like  a  correct  estiautt  i*e  do  not  1 
is,  hovever,  cotain  that  the  time  has  been  of  e 
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We  have  now  traced,  step  by  step,  the  history  of 
the  earth  in  its  many  geological  changes,  from  the 
long  remote  past  when  it  was  a  part  of  the  great 
central  glowing  mass  of  fiery  vapor  from  which  all  the 
bodies  in  the  universe  were  formed,  down  to  the 
present  time,  when  our  eyes  behold  its  sunny  fields 
and  smiling  landscapes. 

We  have  seen  that  it  was  first  thrown  off  from  the 
vast  central  mass  by  a  great  chemical  explosion,  and 
again  thrown  off  from  the  mass  that  now  forms  the 
sun  of  our  own  solar  system.  We  have  followed  it  as 
it  slowly  cooled  in  its  circling  orbit  around  the  sun, 
first  from  a  mass  of  fiery  vapor,  until  it  became  a 
molten  mass  of  a  pasty  consistency,  when  it  took  upon 
itaelf  its  present  spheroidal  form.     We  have  watched 
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its  slow  encrustation  in  the  cold  of  space,  and  1 
seen  the  electrical  phenomenon  of  the  formation  c 
water  by  the  chemical  union  of  oxygen  and  hydrogei 
which  after  many  ages  became  a  wan 
versal  ocean. 

Later  in  its  career  we  saw  a  slight  upward  moi 
ment  of  the  submerged  crust,  and  soon  after,  the  li 
low,  bow-shaped  range  of  the  Laurentian  Hills  reare 
their  heads  above  this  universal  sea. 

A  long  period  of  quiet  rest  followed  this  uplift  of  d 
land,  diu'iug  which  lime  the  air  and  the  sea  were  w 
and  quiescent.  In  this  period  of  repose,  when  the  si 
waters  bathed  those  silent  coasts,  and  not  a  1 
ruffled  the  surface  of  the  sea,  a  subtle  chemical  proc 
was  taking  place  in  the  waters  of  those  little  shalloi!^ 
inlets  of  the  solitary  shore.  The  elements  of  the  water 
were  combining  under  the  influence  of  a  peculiar 
power  we  call  chemical  energy,  and  from  this  com- 
bination there  results  a  little  globule  or  mass  of  a  jelly-^ 
like  substance  we  call  protoplasm.  This  little  mass  a 
cell  of  protoplasm  soon  developed  a  special  adaptabiliM 
to  do  a  special  thing,  and  this  peculiar  power  to  <! 
these  special  things  we  call  life. 

This  subtle  vital  phenomenon  once  estabhshed,  : 
developed  a  power  to   go  on   in  an  ever  advancing 
scale,  evolving  the  different  forms  of  hfe  in  successive 
and  regular  order,  from  the  little  protozoan  composed 
of  a  single  cell  to  that  highly  specialized  organism  ti 
call  man. 

We  ha\'e  seen  that  man,  although  he  sprang  f 
an  ape — the  gorilla — and  had  his  origin  in  the  vas 
regions  of  Africa  lying  a  little  to  the  north  of  the 
immense  equatorial  forests,  has,  b>'  virtue  of  his  brain, 
been  fiii.illy  able  to  overrun,  and  dominate,  and  civi 
the  earth. 
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He  has  compelled  to  his  use  the  forces  of  fire,  of 
water,  of  electricity,  and  the  remedial  powers  of 
drugs,  and  by  the  aid  of  these,  the  whole  earth,  with 
her  varying  zones  of  heat  and  cold  lie  open  to  his 
hand. 

If  we  cast  a  retrospective  glance  backward  along  the 
line  of  those  vanished  millions  of  ages  to  the  time 
when  our  earth  was  only  a  mass  of  fiery  vapor,  we  can 
see  with  our  mental  vision  all  the  many  and  varied 
changes  that  have  taken  place  in  the  geological  evolu- 
tion of  the  earth  itself,  and  in  the  evolution  of  the 
myriads  of  forms  of  animal  life,  as  well  as  the  myriads 
of  forms  of  plant  life. 

All  these  changes  pass  before  our  minds  like  a 
mighty  panorama,  unfolding  itself  little  by  little,  but 
in  a  regular,  orderly,  and  sequential  manner  until  the 
picture  of  to-day,  with  grand  and  beautiful  nature 
everywhere  about  us,  and  all  the  sciences,  arts,  and 
refinements  of  centuries  open  to  our  view. 

As  we  look  upon  the  glorious  earth  with  all  its 
beauty  and  loveliness,  with  all  its  comforts  and  happi- 
ness, and,  alas,  its  sorrows,  too,  and  its  miseries,  we 
ask  what  is  to  be  the  end  of  all  this,  what  is  the  prog- 
nosis of  the  earth  ? 

To  answer  this  question  I  have  coined  the  phrase, 
which  is  the  title  of  this  chapter,  Terrestrial  and  Cos- 
mogenic Prognosis. 

Prognosis  may  be  defined  as  the  judgment  formed 
by  the  reasoner  regarding  the  future  progress  and 
termination  of  the  subject  or  thing  upon  which  he 
reasons. 

This  judgment  is  based  upon  facts  that  have 
previously  occurred,  that  are  occurring  constantly 
about  us,  and  that  probably  ^ill  continue  to  occur  in 
the  future. 
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Reasooing  in  this  way  we  can  detennine  with  great  I 
accuracy  and  precision  ttie  prognosis  of  a  disease,  of  a 
nation,  of  a  pianet,  or  of  a  universe. 

We  naturally  inquire,  then,  what  is  the  prognoasof 
the  earth  upon  which  we  live?  Is  it  to  go  on  iodefi- 
nitely  in  its  present  condition  as  the  abode  of  animal 
and  plant  life,  or  will  there  come  a  time  ultimatelj 
when  all  forms  of  life  will  cease  as  a  result  of  terns- 
trial  changes  tliat  will  make  life  impossible  ? 

From  what  we  now  know  of  the  changes  that  att 
slowly  taking  place,  the  latter  view  is  the  probable 
one. 

Our  earth  circles  about  the  sun  at  such  a  distance 
that  the  supply  of  light  and  heat  received  from  him  is 
extremely  favorable  to  the  continuance  of  animal  ani 
plant  life.  This  supply  of  light  and  heat  is  stored  and 
preser\-ed  by  the  envelope  of  atmospheric  air  su^ 
rounding  us.  Were  it  not  for  this  envelope  of  air,  the 
direct  rays  of  the  sun  would  blind  and  scorch  us  bfi 
day,  and  at  night  we  should  be  plunged  in  destructive 
cold  by  the  radiation  and  dissipation  of  the  heat  intq 
space. 

We  have  reason  to  believe  that  sudi  a  change,  at 
though  upon  a  much  smaller  scale,  has  taken  place  ia 
our  satellite,  the  moon,  which  now  circles  about  t 
earth  an  opaque  mass  of  insensate  stone. 

Science  teaches  us  that  changes  are  slowly  takio| 
place  in  the  condition  of  the  envelope  of  the  atmoe 
phere  surrounding  onr  earth.  These  changes  consii 
in  a  gradual  attenuation  of  the  air  through  a  loss  o 
one  of  its  constituenLs— oxygen.  If  this  is  true,  an 
there  seems  to  be  abundant  evidence  to  .sustain  tt 
view,  a  time  must  inevitably  come  in  the  far  distal 
future,  when  this  attenuation  will  reach  such  a  poiii 
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as  to  make  the  air  inadequate  to  carry  on  the  process 
of  animal  respiration  through  its  loss  simply  of  oxygen 
g^as.  When  this  point  is  reached,  animal  life  must 
cease  altogether. 

Plant  life  may  continue,  however,  for  a  considerable 
time  after  animal  life  has  passed  away,  and  until  the 
time  arrives  when  the  attenuation  of  the  air  has 
reached  such  a  point  that  it  cannot  hold  a  sufficient 
quantity  of  carbonic  acid  gas  to  sustain  it,  then  plant 
life  must  cease  also.  As  this  attenuation  of  the  atmos- 
phere goes  on,  the  ocean  will  be  slowly  dissipated  until 
it  no  longer  exists,  and  in  the  still  later  future  the 
earth  will  reach  the  condition  in  which  our  moon  now 
is — a  mass  of  dry  barren  rock  without  any  vestige  of 
life  upon  it. 

These  changes  in  the  condition  of  the  air  and  the 
earth  must  necessarily  be  very  slow  and  gradual,  and 
cannot  be  felt  until  long  after  the  time  when  man  has 
subdued  all  the  land  area  of  the  earth  to  his  uses,  and 
has  himself  become  extinct. 

Terrestrial  changes  of  this  nature  require  such  great 
periods  of  time  for  their  accomplishment  that  ages 
must  roll  away  before  this  end  can  be  reached. 

It  is  a  well  determined  fact  that  the  heat  of  all  the 
luminous  bodies  in  the  universe  is  being  slowly  radi- 
ated into  the  abysses  of  space.  It  follows,  therefore, 
that  a  time  must  come  in  the  ftiture  flight  of  the  ages 
when  all  these  vast  stores  of  heat  will  be  lost  in  the 
darkness  and  cold  of  space,  through  which  the  lumi- 
nous bodies  are  now  moving.  This  loss  of  heat  has 
occurred  in  the  case  of  our  own  earth,  which  now  has 
no  sensible  heat  of  its  own.  It  is  no  doubt  true  that 
the  planets  of  our  system  that  lie  beyond  us — namely, 
Jupiter,  Saturn,  Uranus,  and  Neptune — have  also  parted 
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with  their  heat,  and  now  pursue  their  orbital  way 
around  the  stm  as  cold,  lifeless  masses  of  barren 
rock. 

Astronomers  tell  us  the  sun  is  slowly  parting  with 
his  stores  of  heat,  and  that  this  great  timepiece  is 
gradually  losing  time.  This  is  what  we  should  expect, 
for  a  heated  body  moving  in  the  intense  cold  of  space 
would  necessarily  lose  its  heat  in  the  course  of  time  , 
and  become  cold,  no  matter  how  great  its  quantitj'  of 
heat  might  be. 

If  our  sun  lost  only  a  few  degrees  of  heat  it  would  at  ' 
once  destroy  all  forms  of  life  upon  the  earth. 

He  need  not  grow  completely  cold  nor  lose  all  his 
heat.     If  he  lost  only  enough  to  lower  the  mean  tem- 
perature of  the  earth  a  few  degrees,  it  would  be  fetal 
to  the  continuance  of  any  form  of  life.     A  very  slight  , 
change  in  the  supply  of  heat  received  from  the  sun  J 
would  be  sufficient  to  produce  prodigious  results,  and  1 
these  results  would  be  the  almost  immediate  disap- 
pearance of  life. 

This  loss  of  heat  by  our  sun  is  what  is  actually 
taking  place  at  the  present  moment,  by  radiation  into 
space.     The  amount  of  heat  stored  in  the  sun  is  so    , 
great,  however,  that  a  long  time  must  elapse  before  he   i 
can  lase  enough  to  be  fatal  to  life  on  tl>e  earth.     But   , 
that  time  will  ultimately  arrive. 

This  gradual  loss  of  heat  is  true  not  only  of  our  sun, 
but  of  all  the  suns  that  compose  our  sidereal  system. 
Each  sun  pursues  its  path  in  space,  and  bears  a  certain  ] 
relative  position  to  the  other  suns,  but  tliey  all  I 
slowly  but  surely  parting  with  their  stores  of  heat.    Aa  J 
this  heat  is  lost  in  the  frigid  depths  of  space,  and  can  j 
never  be  recovered,  no  one  of  the  suns  can  regain  any  1 
part  of  tlie  heal  lost  by  any  other  sun.     They  must,  J 
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therefore,  continue  indefinitely  to  part  with  their  heat 
until  all  the  suns  with  their  attendant  planetary  sys- 
tems shall  become  dark  masses  of  rock,  moving  silently 
in  cold  and  darkness. 

What  then  will  follow  ? 

Will  these  millions  of  glorious  stms  that  now  shine 
with  such  splendor,  and  stud  the  vault  of  heaven  with 
jewels  of  brilliant  light,  after  they  have  lost  their 
heat,  pursue  their  solitary  way  forever  in  cold,  never- 
ending  night?  We  think  not.  What,  then,  will  be 
their  final  end  ? 

We  know  by  actual  measurements  that  some  stars 
are  approaching  our  sun,  that  some  are  apparently 
receding  fi-om  us,  and  that  many  seem  to  have  a  general 
parallel  direction  of  motion  towards  the  constellation 
of  Hercules. 

Thus,  the  star  Arcturus,  according  to  the  late  obser- 
vations with  the  great  telescope  at  the  Lick  Observa- 
tory, is  approaching  our  stm  at  the  rate  of  four  miles 
per  second,  and  that  many  of  the  stars  are  moving 
towards  us  at  varying  rates  of  speed  from  four  to 
twenty  miles  per  second. 

Suppose  Arcturus  continues  to  approach  us  at  this 
same  rate  of  speed,  or  even  still  more  slowly,  a  time 
must  come  in  the  future  when  he  will  reach  us.  This 
is  not  at  all  improbable,  for  if  his  motion  is  towards  us 
at  a  given  rate  of  speed,  there  is  nothing  in  frictionless 
space  to  check  his  motion,  except  his  gradual  radiation 
of  heat,  as  he  continues  his  flight  towards  our  sun. 
This  loss  of  heat  may  retard  his  motion  to  one  mile 
a  second,  or  even  less.  It  may  fall  as  low  as  one  mile 
per  minute.  We  cannot  tell.  But  however  slowly  he 
may  move,  a  time  must  finally  come  which  will  bring 
him  into  collision  with  our  sun. 
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Wbat,  then,  will  happen.  We  must  reason  6wn 
known  physical  laws.  When  two  bodies  come  vio- 
lently into  collision,  keat  is  at  once  g:enerated,  and  the 
greater  the  colliding  bodies  are,  the  more  violent  the 
impact,  and  the  greater  the  amount  of  heat  generated. 
Now  if  two  such  vast  bodies  as  the  great  sun  Airturus 
and  our  own  sun  should  violently  come  into  collision 
in  space,  if  each  had  lost  a  part,  or  all  of  his  heat,  the 
tremendous  impact  would  cause  such  a  generation 
of  heat  as  to  volatilize  both  bodies,  with  all  their 
attendant  planets. 

If  this  collision  should  occur  by  Arctimia  meeHng 
our  sun,  the  collision  would  have  another  effect, 
namely,  that  of  annihilating  the  motion  of  both 
bodies.  But  if  the  collision  should  occur  by  Arcturus 
overtaking  our  sun.  the  motion  of  both  bodies  in  space 
would  be  accelerated.  In  either  case  a  great  dis- 
turbance would  be  the  result.  If  the  motion  was  lost, 
and  the  great  combined  mass  of  volatilized  fiery  vapor 
of  both  suns  stood  still,  it  would  find  itself  in  the 
pathway  of  other  suns  in  motion,  and  other  collisions 
would  inevitably  occur.  But  if,  on  the  other  hand, 
the  motion  of  the  new  body  was  increased  by  the 
impact,  its  direction  of  motion  would  be  so  disturbed 
as  to  cause  it  to  crash  into  other  suns  in  its  pathway. 

The  inevitable  consequence  of  so  profound  a  dis- 
turbance of  the  heavenly  bodies  would  he  gradually 
felt  throughout  the  universe.  The  increased  mass  of 
the  two  combined  todies — Arcturus  and  our  sun — would 
l)e  sufficient  to  cause  it  to  attract  to  itself  other  suns  by 
the  force  of  the  increa.sed  power  of  gra\-italion,  andanfi 
other  sun  thus  attracted  would  be  instantly  volatilized 
and  augment  still  ftirther  by  its  own  mass  the  mass  of' 
the  original  body.   This  would  again  increase  his  power 
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of  attraction,  which  would  be  still  more  widely  felt,  and 
more  distant  suns  would  be  attracted  to  this  vast  body 
and  become  fused  with  it,  and  thus,  by  increasing  its 
mass  by  every  new  addition  of  a  sun,  its  power  of  at- 
traction would  be  enormously  increased  also. 

By  the  gradual  but  continual  attraction  of  this  great 
and  ever-increasing  mass  of  fiery  vapor  the  most  distant 
suns,  whose  feeble  light  glimmers  on  the  remotest  out- 
posts of  our  universe,  and  all  the  nebulae,  and  all  the 
masses  of  star-dust  everywhere,  would  be  forced  by  the 
enormous  attractive  power  of  this  immense  and  newly 
formed  body  to  coalesce  with  it  and  become  a  part  of 
it,  until  a  time  finally  arrives  in  the  distant  future  when 
there  will  be  but  one  vast  mass  of  fiery  vapor,  formed 
by  the  forced  union  of  all  the  millions  of  suns  that  now 
shine  in  our  skies  with  such  beautiftil  light,  and  seem 
so  secure  and  so  permanent. 

This  ultimate  coalescence  of  all  the  suns  in  the  uni- 
verse is  the  only  end  that  can  be  logically  reached,  if 
any  two  suns  collide  in  space,  whether  they  be  Arcturus 
and  our  own  sun,  or  any  other  two  of  the  heavenly 
bodies. 

We  know  that  Arcturus  is  directly  approaching  us, 
and  we  know  of  no  power  to  divert  his  course  from 
our  sun.  He  must,  therefore,  in  the  course  of  time, 
reach  us. 

Perhaps  other  suns  are  moving  towards  a  sun  that 
lies  in  their  pathway,  and  that  distant  collisions  be- 
tween two  such  bodies  may  occur. 

Our  great  equatorial  on  Mount  Hamilton  may  reveal 
to  us  that  such  is  the  case,  and  that  suns  in  remote 
parts  of  the  universe  will  ultimately  crash  together. 

In  either  case,  however,  whether  the  collision  occur 

betwen  Arcturus  and  our  sun,  or  between  any  two  dis- 
29 
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tant  suns,  or  between  several  pairs  of  suus,  either  sim til- 1 
taneously  or  successively,  the  rt-suit  finally  will  be  the  1 
same — that  is,  one  of  the  bodies  will  have  a  power  of  I 
attraction  so  immensely  great  that  he  will  be  able  to  1 
attract  to  himself  all  the  other  bodies  in  the  universe.  | 
and  by  such  a  union  form  a  single  one. 

Such  a  body  of  fiery  vapor  formed  by  the  fusion  of  I 
the  many  millions  of  suns  in  our  sidereal  system  would  I 
be  too  vast  in  size  to  express  in  any  known  terms  of  1 
measurement.  Yet  the  human  brain  can  readily  andl 
easily  comprehend  and  appreciate  it. 

Our  mental  vision  can  construct,  as  it  were,  a  point  1 
of  observation  somewhere  in  space  where  we  can  watch 
through  the  immense  flight  of  the  ages  this  mighty 
agglomeration  of  suns,  and  take  note  of  its  future  oper- 
ations as  they  are  unfolded  to  our  view.  What  is  the 
probable  future  course  of  this  great  body  of  incan- 
descent gas,  formed  out  of  every  sun  in  the  universe  ? 

It  mil  undoubtedly  repeat  what  it  did  before.     Its 
terrific  commotion  will  again  cause  intense  chemical  I 
activities  among  its  elementary  particles,  and  the  gen- 
eration of  tliese  chemical  activities  will  give  rise  to  a 
chemical  force  sufficientlj'  powerful  to  cause  an  ex-fl 
plosiou  which  will  rend  the  enormous  mass  astmdeil 
and  caiise  its  vast  fragments  to  once  more  fly  off  into  1 
space. 

The  force  of  such  an  explosion  must  of  necessity  im- 
part to  each  fragment  a  rotary  motion,  and  this  e 
ment  of  rotation  would  cause  each  fragment  to  t 
off  successive  peripheral  particles.     In  this  way  e 
fragment    would  become  a  sun,  and  its  particles  1 
scheme  of  worlds  circling  about  it,  at  varying  1 
tances  from  it,  but  all  held  to  it  by  the  power  ( 
attraction. 
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The  same  process  of  cooling  aud  encnisting  of  tht 
attendant  particles  would  again  occur,  until  they  finally 
became  planets.  Those  most  favorably  situated  as  to  a 
supply  of  light  and  heat  from  its  parent  suii  would  be- 
come a  fitting  abode  for  the  evolution  of  another  course 
of  life,  and  the  same  process  would  again  take  place  of 
the  changing  of  animal  forms  from  the  lower  to  the 
higher  types. 

Life  would  undoubtedly  appear  again  upon  a  new 
earth,  as  it  did  in  our  Silurian  age,  and  in  the  same 
way  by  the  chemical  union  of  six  primary  elements 
under  favoring  circumstances.  If  the  new  earth  was 
situated  at  the  same  distance  from  the  sua  as  our  earth 
is,  the  same  processes  of  development  of  life  would  go 
on  again  as  they  have  occurred  in  past  ages  in  our  own 
historj'. 

The  same  natural  laws  would  be  in  operation,  and 
they  would  produce  similar  results.  It  is  not  impossi- 
ble nor  improbable  that  such  a  process  of  geological 
and  physiological  development  has  followed  the  forma- 
tion of  a /rci'joaj  sidereal  system,  and  having  gone  on 
in  the  same  or  in  a  similar  way  as  it  is  now  going  on, 
and  reached  its  highest  point  of  development,  ulti- 
mately terminated  by  the' coalescence  of  all  the  suns  in 
space. 

There  is  no  scientific  reason  why  this  should  not  be 
true,  and  there  is  no  reason  why  this  same  process  of 
development  should  not  occur  again  in  the  future. 

If  it  can  occur  again,  it  can  occur  many  times  and 
indefinite!!'.  So  far  as  we  can  reason  there  is  no  limit 
to  space,  nor  time,  nor  to  the  durability  of  matter.  As 
there  is  ample  space,  and  limitless  time,  and  durable 
matter,  the  process  of  forming  a  new  universe  of  suns, 
and  new  systems  of  attendant  planets,  and  new  devel- 
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tipments  of  life,  can  go  on  time  after  time  until  some- 
thing arises  to  prevent  it.  Nothing  can  arise,  so  &i  as 
we  can  reason,  to  prevent  the  formation  of  new  systems 
of  suns,  except  the  gradual  loss  of  matter  in  space  by 
the  successive  explosions  of  the  great  central  mass.  If 
at  each  explosion  a  portion  of  the  heated  matter  should 
be  projected  sn  far  into  space  as  to  be  beyond  the  in- 
fiueuce  of  the  l>odies  composing  the  new  universe,  il 
might  be  forever  lost  in  the  depths  of  space.  If  this 
loss  of  matter  should  occur  a  sufficient  number  of  times, 
a  point  would  ultimately  be  reached  when  the  remain- 
ing mass  of  matter  would  be  insufficient  to  form  a  sys- 
tem of  suns  of  a  size  great  enough  to  give  a  supply  of 
light  aud  heat  to  their  attendant  planets  that  would 
stimulate  into  activity  the  chemical  energy  we  call  life. 

In  this  view  the  loss  of  successive  portions  of  matter 
would  go  on  until  the  whole  system  of  suns  was  dissi- 
pated in  space  as  isolated  fragments  of  inert  matter 
having  no  relation  to  other  masses. 

The  law  of  attraction  in  force  among  the  bodies  com- 
posing the  universe  is  sufficiently  powerful,  howe\'er,  to 
prevent  the  loss  of  matter  going  on  to  any  considera- 
ble extent.  And  it  is  probable  that  such  a  loss  would 
l>e  relatively  so  small  that  it  would  be  of  no  practical 
value  in  the  future  operation  of  the  evolution  of  worlds. 

We  can  see,  then,  that  a  universe  of  suns  can  aris^ 
that  systems  of  planets  can  circle  about  them,  and 
that  the  most  favored  ones  can  give  rise  to  the  various 
phenomena  of  life.  Animals  and  plants  will  spring 
into  existence  and  follow  the  law  of  evolutiou  from  the 
simplest  to  the  most  complex  forms  until  the  highest 
form  is  reached — which  we  call  man. 

After  an  interval  of  time  of  long  duration  natiual 
causes  will  compel  the  whole  universe  to  coalesce  and 
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become  one  body.  This,  under  the  stimulus  of  chemi- 
cal law,  will  separate  and  form  a  new  universe  of  suns 
with  their  attending  planets,  which  will  again  pass 
through  the  same  phases  and  the  same  changes  that 
our  universe  has  passed  through  and  that  our  earth  has 
passed  through. 

Then  another  evolution  of  life  will  follow,  and  new 
animals  and  new  plants  will  arise  and  pursue  the  same 
path  of  development  that  ours  have  done.  They  will 
flourish  for  a  time  in  a  world  as  bright  and  beautiful  as 
ours,  and  after  reaching  their  highest  point  of  develop- 
ment, slowly  decay  and  finally  return  to  their  original 
elements. 
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^be  Stor^  of  tbe  IRatlons. 


Messrs.  G.  P.  PUTNAM'S  SONS  take  pleasure  in 
announcing  that  they  have  in  course  of  publication,  m 
co-operation  with  Mr.  T,  Fisher  Unwin,  of  London,  a 
series  of  historical  studies,  intended  to  present  in  a 
graphic  manner  the  stories  of  the  different  nations  that 
have  attained  prominence  in  histoiy. 

In  the  story  form  the  current  of  each  national  life  is 
distinctly  indicated,  and  its  picturesque  and  noteworthy 
periods  and  episodes  are  presented  for  the  reader  in  their 
philosophical  relation  to  each  other  as  well  as  to  universal 
history. 

It  is  the  plan  of  the  writers  of  the  different  volumes  to 
enter  into  the  real  life  of  the  peoples,  and  to  bring  them 
before  the  reader  as  they  actually  lived,  labored,  and 
struggled^as  they  studied  and  wrote,  and  as  they  amused 
themselves.  In  carrying  out  this  plan,  the  myths,  with 
which  the  history  of  all  lands  begins,  will  not  be  over- 
looked, though  these  will  be  carefully  distinguished  from 
the  actual  history,  so  far  as  the  labors  of  the  accepted 
historical  authorities  have  resulted  in  definite  conclusions. 

The  subjects  of  the  different  volumes  have  been  p'anned 
to  cover  connecting  and,  as  far  as  possible,  consecutive 
epochs  or  periods,  so  that  the  set  when  completed  will 
present  in  a  comprehensive  naitaxwe  ti&e  Okw.V  e^^*^'"!^ 


tlie  great  Sthry  ni'  THE  NATIONS;  but  it  is,  of  coufSM 
not  always  practicable  to  issue  the  several  volumes  h. 
their  chronological  order. 

The  "  Stories  "  are  printed  in  good  readable  type,  and 
in  handsome  r2mo  form.    They  are  adequately  illustrate* 
and  furnished  with  maps  and  indexes.     Price,  per  voLfV 
cloth,  $1.50.     Half  morocco,  gilt  top,  $1.75. 

The  following  volumes  are  now  ready  (January,  l89l][ti 
;.  A.  Harrison. 


CHALDEA.     Z.  A.  1 

GERMANY.     S,  BAmNO-Couu>. 

NORWAY.     HjALHAR  H.  Boyesbk. 

SPAIN.     Rev.  E,  E.  and  Susan  Halk, 

HUNGARY.    Prof.  A.  VAstHSuv. 

CARTHAGE.     Prof.  Alfhkd  J.  CmjBCiI. 

THE  SARACENS.    Arthuh  Gilman. 

THE  MOORS  IN  SPAIN.     Stanlev  Lanb-Pooi| 

THE  NORMANS.    Sarah  Ohne  Jewett. 

PERSIA.     S.  G.  W.  Benjamjn. 

ANCIENT  EGYPT.     Prat.  Geo.  Rawumson. 

ALEXANDER'S  EMPIRE.     Prof.  J.  P.  Mahai 
'   ASSYRIA.    Z.  A.  Racozim, 
'    THE  GOTHS.     Hknrv  BRAriLEV. 

IRELAND.    Hon.  Emily  Lawless. 
'    TURKEY.     Stanley  Lane-Poole. 

MEDIA,  BABYLON,  AND  PERSIA.  Z.  A.  Raw 
'    MEDIAEVAL  FRANCE.     Prof.  GustaV  MassON-I 


'    PHOENICIA.     Prof.  Geo.  Rawl7NSos, 

'    THE  HANSA  TOWNS,    Helen  Zi«mern. 

'    EARLY  BRITAIN.     Prof.  Alfred  j.  Church. 

THE  BARBARY  CORSAIRS.  Stanley L^NE-Poou 
'    RUSSIA.     W.  R.  MORKIL 

THE  JEWS  UI 

SCOTLAND. 
■    SWITZERLAN" 


Now  in  Press  for  immediate  issue: 

THE  STORY  OF  PORTUGAL.     H.  Morse  Stephens. 

VEDIC  INDIA.     Z.  A.  Ragozin, 

THE  THIRTEEN  COLONIES.    Helbn  A.  Smith. 

"  "         ■'    WALES  AND  CORNWALL.    Owen  M.  Edward*, 

"  "  "    CANADA.     A.   R.  Macfarlane. 


